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Studies chemical structures protamine 
molecules, such clupeine and salmine ob- 
tained from sperms Clupea pallasii and 
Oncorhynchus keta respectively, which were 
purified now possible, have been carried 
out from various quarters many investi- 
gators our laboratory and the summarizing 
results have been briefly From 
the results such various methods, viz. 
qualitative analyses the constituent amino 
acids, methoxyl determinations the pro- 
titrations was found that 
both protamine molecules are probably con- 
stituted one simple polypeptide chain, con- 
taining neither diamino acids except arginine, 
nor dicarboxylic acids and sulfur containing 
amino acids. The DNP-method 
for the identification N-terminal amino 
acids which the groups 
are free, has already been applied many 
proteins and peptides. The resulting yellow 
DNP-derivative either protein peptide 
has always characteristic absorption spec- 
trum which associated with the presence 
N-2,4-dinitrophenyl amino group. is, 
therefore, likely that the determination 
the wave lengths (Amax.) and the absorp- 
tion coefficients (€jmax.) their maxima, will 
lead some cases identify and estimate 
directly the N-terminal residue the DNP- 
derivative, without laborious treatments 
isolating DNP-amino acids after hydrolysis 
and fractionation. 


* The present work was presented to the 5th Annual 
Meeting of the Chemical Society of Japan held on April 
3rd, 1952 in Tokyo Univ. and a part of the result of this 
work was briefly reported in this Bulletin (cf. reference 
3). 
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* The experimental results will be reported in the 
following paper. 


the present paper, the absorption spectra 
DNP-derivatives several amino acids 
and few peptides were first determined and 
the differences among them were carefully 
investigated. Then, the absorption spectra 
both DNP-protamines were observed, 
order compare them with those the in- 
dividual amino acids and peptides. Thus, 
such method was found useful for 
the direct indentification the N-terminal 
residue clupeine salmine. fact, 
was shown that the N-terminal residue 
clupeine should mono amino acid while 
that salmine should proline, and more- 
over the calculation the approximate 
values the molecular weights the pro- 
tamines was enabled from their absorption 
coefficients. 


Experimental 


DNP-Amino Acids and -Peptides.— These were 
prepared according the methods Sanger 
and (cf. Table I). Purifications 
and crystallizations DNP-derivatives were re- 
peated until they gave the constant absorption 
coefficients their respectively. the 
case DNP-arginine derived from arginine hy- 
drochloride, was ascertained means elec- 
trometric titration and paper chromatographic 
methods that only the group was re- 
placed DNP-group. Diglycylglycine used 
this experiment was kindly supplied the labo- 
ratory Prof. Mizushima the Chemical In- 
stitute this University. 

2,4-Dinitrophenol.—A material commercial 
grade was purified repeated recrystallizations 
from methanol using active charcoal, m.p. 114°C. 

2,4-Dinitroaniline.—It was prepared the 
benzene with acetamide 200°C for ten hrs. 
was then recrystallized from aqueous alcohol, 
m.p. 180°C. 

Protamine Sulfates.—Each sample pro- 
tamines used, clupeine and salmine, was prepared 
and purified respectively the method described 
the previous and they were both the 
sulfate the less soluble protamine two frac- 
tions which were obtained using the solubility dif- 
ference their picrates 67% aqueous acetone 


8) F. Sanger, Biochem. J., 39, 507 (1945). 

9) F. Sanger and R.R. Porter, Biochem. J., 
(1948). 

10) Kym, Ber., 32, 3539 (1899). 
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TABLE 

WAVELENGTHS ABSORPTION MAXIMA 
AND MOLECULAR ABSORPTION COEFFICIENTS 


Molecular 
Absorption 
Coefficient 
\lmax. (A2max.) at Aimax. 


my 
DNP-Glycine 361 (265) 
-Alanine 361 (265) 
-Isoleucine 362 (265) 
-Serine 359 (265) 


Absorption 


DNP-Derivative 
Maxima 


387 (none) 85x 
(257) 
(262) 


48x 
28x 
§ Controlled in pH ca, 9,1 by using the 1% aq 
NaHCOs. 


8§ This absorption band is probably due to 2,4- 
dinitrophenolate ion. 


0°C. These were shown tentatively 
homogeneous the diffusion 
Preparation and Purification DNP-Pro- 
tamine Sulfates.—DNP-Protamine sulfates were 
prepared principally according the method 
Protamine sulfate (0.104g.) and 
sodium bicarbonate were dissolved 
water ml.), solution 2,4-dinitrofluorobenzene 
(0.12 g.) ethanol ml.) was then added and the 
mixture was mechanically shaken for about hr. 
the room temperature (20—25°C). The glutinous 
yellow products obtained were cooled, few drops 
sulfuric acid were carefully added them, 
and then alcohol was added. The mixture was 
then centrifuged and the precipitates were washed 
with absolute alcohol and ether. Since the crude 
DNP-protamine sulfate thus obtained still contained 
small quantity dinitrophenol, some inorganic 
salts and unsubstituted protamine, further purifi- 
cation through activated alumina was tried 
eliminate them. The crude DNP-product 
(0.100 g.) was completely dissolved water (80 ml.), 
and the solution was carefully passed through 
activated alumina column (Wako Pure Chemical 
Industries, Ltd., especially prepared for chro- 
tamine remained the top the column giving 
sharp yellow band and the unsubstituted pro- 
tamine seemed stay the lower part, while 
dinitrophenol and inorganic salts passed through 
rapidly. After the column was washed with water, 
the colorless part the protamine was first eluted 
with hydrochloric acid, and then the yellow 
substance the top was eluted. The collected 
eluate the yellow band was once filtered, and 


11) K. Iso, T. Kitamura and I. Watanabe, J. Chem. 
Soc. Japan, 75, 342 (1954). 

* Further experiments are being made on the problem 
whether these samples are homogeneous or heterogeneous. 
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one two drops sulfuric acid were added, 
tates yellow crystal-like sulfate were thus ob- 
tained. repeating the above treatment, they 
were purified until their absorption coefficient 
Amax. gave constant values. Both DNP-clupeine 
and -salmine sulfates obtained were yellow 
like substances. 

Determination Absorption Spectra.— 
Absorption spectra various DNP-derivatives 
above obtained were determined with Beckman 
quartz spectrophotometer, model DU. the case 
protamine sulfates, their 0.5% aqueous solution 
was used (pH 3.3). order get rid the 
effect, DNP-derivatives were dissolved 
aqueous solution sodium bicarbonate keep 
All measurements were made 
18—20°C. The concentration DNP-derivative 
solution used these absorption measurements 
was always below that Beer’s law held 
good al! cases. 


Results and Discussion 


The results measurements absorption 
spectra for 2,4-dinitrophenol, 2,4-dinitroaniline 
and N-2,4-DNP-derivatives several amino 
acids and peptides are shown Fig. and 


320 360 449 
Wavelength 
Absorption spectra some DNP- 
compounds 
Curve Dinitroaniline; Curve 
DNP-Alanine; Curve DNP-Proline. 


gave characteristic absorption curve with 
maxima the regions 347 and 262 
But the absorption maxima DNP-deriva- 
tives monoamino acids, i.e. DNP-glycine, 
etc., were observed about 
360 and 265my, being longer wave- 
lengths than those dinitroaniline. 
Arginine also showed the absorption maxima 
357 and which were involved 
nearly the similar regions the case 
DNP-monoamino acids. contrast with 
them, DNP-proline gave characteristic ab- 
sorption curve which had only maximum 
387 longer wavelength than DNP- 
derivatives the above mentioned mono- 
amino acids, and its absorption coefficient was 
higher than the latter, and more absorption 
band could seen near 265my. The absorp- 
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Fig. Absorption spectra DNP- 
glycine and DNP-diglycylglycine 
aq. 

DNP-Glycine;Curve DNP- 
Diglycylglycine. 


tion spectra DNP-glycylglycine and DNP- 
diglycylglycine showed the fairly similar shape 
that DNP-glycine, but both their maxima 
slightly shifted the shorter wave-length 
side, and moreover their absorption coefficients 


were little lower than that DNP-glycine 


cf. Fig. Sanger has also in- 
dicated that the DNP-glycyl peptides sep- 
arated from insulin gave the same curve 
DNP-glycine and DNP-glycylglycine wave- 
lengths longer than 

From the measurements these absorption 
spectra, will inferred that the difference 
among the curves DNP-derivatives may 
mostly attributed the states 
amino group combining with the 
group, thus: primary (dinitroaniline), sec- 
ondary (DNP-monoamino acids DNP- 
arginine), tertiary amine (DNP-proline). 
The absorption maximum appearing the 
longest wave-length region was found 
shift the longer wave-length side, the 
order primary amine, 
and the absorption coefficient also was found 
higher the same order. far 
the nitrogen combined with the DNP-group 
behaves secondary amine, the absorption 


TABLE 
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curve such derivative seemed show 
little difference whichever amino acid may 
belong to. was found also that the DNP- 
derivatives glycylglycine and 
gave absorption spectra essentially similar 
that the corresponding DNP-amino acid 
like DNP-glycine. Accordingly, from careful 
observations the absorption spectra the 
DNP-derivatives, should least possible 
determine whether proline any other 
kind monoamino acids occupies the a-N- 
terminal residue the protein molecule, and 
further estimate the number N-terminal 
residues per protein. 

The absorption spectra DNP-derivatives 
clupeine and salmine are given Fig. 
and Table II. 


(DNP-Protamine 


240 789 320 3) 40 440 
Wavelength 
Fig. Absorption spectra DNP-Pro- 
DNP-Salmine. 
shown the figure, DNP-clupeine gave 
two absorption maxima about 357 and 
262 while DNP-salmine only one maximum 
Since neither clupeine nor 
salmine has absorption band with wave-length 
longer than 240my, the absorption spectra 


WAVELENGTHS ABSORPTION MAXIMA SOME DNP-PROTAMINES AND MOLECULAR 
WEIGHTS THE PROTAMINES 


Absorption Maxima 
DNP-Derivative 


Almax. (A2max. ) 


Protamine 


mys mye 
Clupeine 357 (262) 
Clupeine (1947)* 357 (262) 
Salmine (1951)7 375 (None) 
375 (None) 


N-terminal 
residue 


Molecular 


64, Pro 


+ The number in parenthesis shows the year the materia! was caught. 
tt These values are the averages of two or three experiments. 
ttt This sample was kindly supplied by Dr. Watanabe’s Laboratory. 


12) F. Sanger, Biochem. J., 45, 563 (1949). 
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above observed for both DNP-protamines are 
surely associated with the presence DNP- 
group. Comparing the results with those 
for DNP-amino acids, therefore, can 
concluded with high probability that the 
N-terminal residue clupeine mono- 
amino acid other than proline while that 
salmine proline. These results were con- 
sistent with the facts obtained our labo- 
ratory namely the N-terminal residue our 
clupeine was shown alanine while that 
salmine was proline means paper 
chromatography 
and partly means electro- 
metric titration both protamines. 

Now, the number DNP-groups per 
should estimated from 
the absorption coefficient for the maxima 
either 357 assumption was 
made that the molar absorption coefficient 
DNP-alanine its absorption maximum 
shown Table II, the absorption 
coefficient DNP-clupeine measured 
357 was 2.233, while that DNP-alanine 
mol/l) with the same path-length, 
was (Table I). Then 
x10-' mol. DNP-groups DNP- 
clupeine. has already been shown, 
clupeine molecule simple peptide chain 
consisting arginine and several kinds 
monoamino acids. The molecular weight for 
DNP-clupeine thus 1/1.37 ac- 
cordingly that free clupeine 7,133. The 
molecular weight clupeine also cal- 
culated 7,080 and 6,637, from the molecular 
absorption coefficients DNP- 
DNP-diglycylglycine respectively. 

Under the similar assumption that the 
molar absorption coefficient per DNP-group 
following calculation may made. The 
known that the salmine molecule also was 
simple peptide chain consisting arginines 
and other monoamino acids; consequently 
the molecular weight DNP-salmine cal- 

13) K. E. Rasmussen, Z. physiol. Chem., 224, 97 
(1934). 

14) R.J. Block and D. Bolling, Arch. Biochem., 6, 
419 (1945). 

* In fact, sulfate was always used in these experi- 
ments. The sulfuric acid content in our protamine 
sulfate was tentatively supposed to be 20% according to 
the analyses by K.E. Rasmussen for his clupeine 


sulfate,'*) and R. J. Block and D. Bolling for their 
salmine sulfate. *) 
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culated and that 
free salmine 6,827. also gives value 
6545, when calculated from the molar absorp- 
instead using the coefficient 
for Amax. =387 

Another sample clupeine prepared from 
the ripe sperms herrings caught 1947 
and that salmine prepared another 
laboratory*, also gave molecular weight 5,600 
and 6,600 respectively, shown Table II. 

From these results, appears that both 
protamines, clupeine and salmine, probably 
have the molecular weights the same 
order These values are also 
fairly good agreement with those obtained 


TABLE III 
MOLECULAR WEIGHTS CLUPEINE AND 
SALMINE 


Method 


Methoxyl determina- 

tion the esterified 

product. 

Once esterification. 10, 800 300 


More repeated esteri- 
fication. 100 100 


Electrometric titration 600 400 


Manometric van 
Slyke’s method 400 None 


Present method 100-7, 000 


§ The less soluble specimens of protamines 
were used. 
methoxyl determinations the protamine 
methylesters, electrometric titrations 
the protamines, and manometric determina- 


tion amino nitrogen (cf. 


Table III). 


Summary 


DNP-Derivatives amino compounds. 


gave the characteristic spectral absorption 
curves, according the states the amino 
groups combined with the DNP-group. 
was found, that 2,4-dinitroaniline primary 
amine, DNP-monoamino acids the case 
secondary amine and DNP-proline that 
tertiary amine gave respectively the absorp- 
tion spectra with different absorption maxima 
and absorption coefficients (cf. Table and 
Fig. 1). 

The absorption curve DNP-clupeine 
was the similar shape DNP-derivatives 
the states secondary amines, while that 
DNP-salmine those tertiary amines. 
From this fact the difference between the 


* This sample used for comparing with our sample 
was kindly supplied by Dr. Watanabe’s Laboratory in this 
Institute, and was not fractionated by using the solubility 
difference of the picrate in 67% aqueous acetone. 
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N-terminal residues clupeine and salmine 
molecules was evidently recognized, that 
the former being monoamino acid while that 
the latter proline. 

comparing the absorption DNP- 
protamine with the molecular absorption 
coefficient the corresponding DNP-amino 
acid which occupies the N-terminal residue 
the molecule, the molecular weights 
were estimated. Both clupeine and salmine 
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were shown have the molecular weights 
the same order, 


The author wishes express her hearty 
thanks Prof. Ando and Ass. Prof. 
Nagakura for their valuable advice and 
encouragement throughout this study, also 
the Ministry Education for the Scien- 
tific Research Encouragement Grant given 
Prof. Ando support this research. 


Institute Science and Technology, 
Tokyo Tokyo 
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Values Tetrachloro-, and Heptachlorocyclohexanes 


Takashi SHIMOZAWA 


(Received March 1955) 


The measurement dipole moment one 
the authentic methods for the determina- 
order determine the con- 
figuration molecules the dipole moment 
measurement, the observed values the 
dipole moment must compared with the 
calculated ones. With view providing 
the facility for the determination, the cal- 
culated values the dipole moments the 
polyhalocyclohexanes the aid Morino- 
Miyagawa’s empirical rule are shown for all 
kinds tetrachloro-, hexachloro-, and hepta- 
chlorocyclohexanes, this article. 

well established that the cyclohexane 
takes the chair form under ordinary 
The hydrogen atoms, two 
each carbon atom. are the and 
positions, being almost parallel 
the molecular axis, while 
tetrahedral angle and almost parallel 
either the C-C bonds the molecule. 

hexachlorocyclohexane, which the six 
hydrogen atoms are replaced chlorine 
atoms, have ninety-six isomers the 
combination the positions the substitu- 
cyclohexanes, which one chlorine atom 

1) I. Miyagawa, Y. Morino and R. Riemschneider ; 

This Bulletin 27, 177 (1954). 

2) Y. Morino, I. Miyagawa and T. Oiwa; Botyu- 

Kagaku, 15, 181 (1950). 

3) I. Miyagawa; J.Chem. Soc. Japan, 75, 1061 

(1654). 

4) K. Kojima and T. Yoshino; J. Am. Chem. Soc., 75, 

166 (1953). 


attached each carbon atom. Even this 
case, have eight isomers with respect 
the order the and e-position atoms 


cyclohexane ring. The spatial configura- 


tion the six isomers BHC already pre- 
pared has been determined the dipole 
moment measurement”, the analysis 
crystal structure X-ray and 
have already many isomers hexachloro- 
cyclohexanes other than BHC. the course 
the determination their configurations 
the dipole moment played important role. 
course some them were determined 
from the consideration the relation 
other compounds whose configuration had 
already been established, but these cases 
found contradiction the conclusions 
obtained from the dipole moments. already 
described the preceding articles’, the 
simple rule vector addition cannot provide 
enough information for the discussion the 
configurations. empirical rule suggested 
Morino and which formally 
took into consideration the moments induced 
the bond moments, provided with rea- 
sonable values for many molecules. Indeed, 
never found isomers polyhalocyclo- 
hexanes whose observed values were quite 
different from those computed our rule. 


5) See reference 2) and 3), as examples. 

6) R.G. Dickinson and C. Bilicke; J. Am. Chem. 
Soc., 50, 764 (1928). 

7) O. Bastiansen, ¢. Ellefsen and O.Hassel; Research, 
2, 248 (1949); Acta Chem. Scand., 3, 918 (1949). 
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Thus 


Ww 


will 


useful calculate the 
dipole moments from this rule, 
ference these values will enable 
determine the spatial configuration given 
isomer, least confine our calculation 


TABLE 


Takashi SHIMOZAWA 


DIPOLE MOMENT OF HEXACHLOROCYCLOHEXANES 


Configurations 

(stable form) 
lea2e3ea 
lea2e3aiea 
lea2e 
lea2e 


wo 


No. 
the (la, 
3a) pairs 


12’ 


Configurations 
(inverted isomers) 


lea2a3eada 
lea2a3eade 
lea2e3ea5a 


lea2a3e5a6a 


No. 


The Morino-Miyagawa rule was reported 
detail the preceding 
calculated values for all kinds hexachloro-. 
heptachloro-, and tetrachlorocyclohexanes are 
listed Tables II, and III, 


No. 
the (la, 


te om ly 


wow 


to 


to be 


lo 


w blo 


The 


4 
3.71 
1.50 


rs. 


August, 


3 
5 


1955] The Dipole Moment the Polyhalocyclohexanes. 
Configurations Configurations 
(stable form) pairs (inverted isomers) 

1.88 
TABLE 
DIPOLE MOMENT OF HEPTACHLOROCYCLOHEXANES 
Configurations Configurations 
(stable form) pairs (inverted isomers) 


bo 


coer 


moe — be 


No. 
the (la, 
3a) pairs 


No. 

the (la, 

3a) pairs 
6 
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1.19 
1.91 
1.05 
3.01 
2.72 


Takashi SHIMOZAWA 


TABLE III 
DIPOLE MOMENT TETRACHLOROCYCLOHEXANES 


Configurations 
(stable from) pairs 
4.14 
2.84 
4.17 
1.91 
2.94 
1.59 
4.08 
0.11 


where the forms which can obtained 
the inversion the cyclohexane ring are 
listed the same lines. The isomers which 
are shown the right half the tables 
are the less stable forms with regard the 
steric repulsion and designated primed 
numbers. The most important part the 
steric repulsion these molecules may 
the forces between the chlorine atoms the 
la-3a positions. The numbers the pairs 
atoms this sort are listed also con- 
figurations which have reasonable values 
dipole moments. 

The observed values dipole moments 
the isomers already prepared will shown 
the near future. will seen that the 
agreement between the observed and the 
calculated values quite good all cases, 
though the assumptions used are very 
approximate nature. 

should noted here that the resultant 
moment the molecule arose from the addi- 
tion many large C-Cl bond moments 
(1.86 D). follows often that the balancing 


No. 

Conngurations 

(inverted isomers) 

pairs 
la2a3aia 0.93 
3.18 
la2a3a5e 
13’ 
2.27 
lea2a3a 2.54 

4.10 

22’ 4.11 


the large moments yields small value 
the total moment. this case, the re- 
sultant moment largely depends upon the 
assumed values induced moments. 
tually, the Morino-Miyagawa rule had been 
proposed correct the second order quantity. 
Therefore, cannot trust the resultant 
moment, least when smaller than 
course, when the molecule has 
center symmetry, perfectly cancelling each 
moment with the corresponding one, com- 
plete vanishing the total moment results; 
this phenomenon will seen, for instances, 
the isomers 1,1’,5,30, and 30’ Table 


The author wishes thank Professor 
Yonezo Morino and Doctor Ichiro Mivagawa 
for helpful discussions and for their detailed 
criticism this paper, and grateful for 
Grant Aid for Scientific Research given 
the Ministry Education. 


Department Chemistry, Faculty 
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The Dipole Moments the Polyhalocyclohexanes. 


TAKASHI SHIMOZAWA, YONEZO and 


RANDOLPH 


the previous the configurations 
some polyhalocyclohexanes and their re- 
compounds the dipole moment meas- 
urements were discussed, and the dipole 
moments polyhalocyclohexanes were calcu- 
lated use our empirical rule and listed 
the second 

The present work report the result 
the investigation the configurations 
some polyhalocyclohexanes; the process 
the same reported 


Experimental Results 


Materials.—The samples were synthesized 
one the present authors (R.R). The dipole 
moments these compounds were measured 
another (T.S) without further purification. 

Dipole Moment Measurement.—The process 
the dipole moment measurement the same 
described our previous article. The values 
the dielectric constant and the specific density 
measured different concentrations use 
the heterodyne beat apparatus and Ostwald’s 
pycnometer, respectively, are listed Table 

The dipole moments were computed the aid 
the equation proposed 
and the results are listed Table 


Discussion Results 


The five compounds V), which are 
discussed are kind chlorine substituted 
cyclohexanes. Let discuss their confiigu- 
rations comparing the observed values 
their dipole moments with the calculated ones 
listed our previous paper. 

the compound VI, there are two kinds 
polar bonds, C-Cl and C-Br, the ob- 
served dipole moment the compound 
should not directly referred the calcu- 


RIEMSCHNEIDER 


(Received March 1955) 


TABLE 


lated ones. But the difference between the 
would cause only small change the dipole 
moment the compound whole. 


TABLE 


DIELECTRIC CONSTANTS AND SPECIFIC 
DENSITIES OF BENZENE SOLUTIONS AT 
Hexachlorocyclohexane, 

0000 2725 0.8719 239 
0503 2856 8919 

0689 2902 9001 

III. 

0000 2730 8732 a=0. 
01965 2813 8829 

IV. Tetrachlorocyclohexane, 

0000 2724 8717 26; 
0469 2852 8966 
0602 2880 9047 

0202 2.3159 8824 
0524 3860 8979 


MOLECULAR, ELECTRONIC, AND ATOMIC POLARISATIONS, AND DIPOLE MOMENTS AT 23°C 


Compounds m.p. (°C) +Pa (cc.) 
IT. 1,1,2,4,4,5-Hexachlorocyclohexane 156 64.1 59.8 
109 257.9 3.19 
Dodecachlorocyclohexane 285 92.0 90. 


“ The discussion described here was reported on the 
7th Annual Meeting of the Chemical Socicty of Japan. 
April, (1954). 


1) I. Miyagawa, Y. Morino and R. Riemschneider, 
This Bulletin, 27, 177 (1954). 
2) T. Shimozawa, This Buiietin., 28, 389 (1955). 
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Polychlorocyclohexanes 


Hexachlorocyclohexanes (m.p. 
109°C).—The observed value this compound 
0.65D. Considering the accuracy the 
dipole moment measurement, the following 
eleven configurations whose calculated values 
are less than may selected the 
configuration corresponding this molecule 
from the Table the previous paper; 


Corresponding Calculated 
Nos. Configurations Moments 
Table 

28’ lea2a3a4ea 

30’ 


The observed values compound not 
completely zero, the cases and 
are excluded. 

the starting material compound 
5-tetrachlorocyclohexane, the com- 
pound must have the chlorine atoms the 
la2a4e5e-positions the cyclohexane ring, 
that the cases and are excluded. 
Thus, the only configuration compatible with 
the compound the case 

The same conclusion obtained another 
argument. 

Since the compound was synthesized 
cyclohexane (la2a4e5e) (m.p. its con- 
figuration was considered organochemically 


0.21 
1.88 


The calculated moments these isomers are 
easily found Table the previous paper 
the values are given the above. 

The observed value (0.65D) shows that the 
configuration (a) corresponds the compound 
while the other two have definitely 
values correspond the compound 


3) R. Riemschneider and G. Ottmann, Mitt. II, Z. 
Naturforschg., Sb, 248 (1950); Mitt. XXXI, 85, 453 
(1954). About @-1,2,4,5-Tetrachlorocyclohexane, see 
Mitt. XII, Liebigs Ann. Chem., 576, 94 (1952). 


concluded 


Thus the configuration 
cyclohexane (m.p. 109°C) 
lea2ea4e5e. 

Recently, was shown that the compound 
was synthesized the chlorination the 
2-dichlorocyclohexadiene (1. 4), This 
fact supports the above statement. 

II. Hexachlorocyclohexane (m.p. 
146°C).—It sure that the positions the 
six atoms this compound the cyclo- 

The configuration hexachlorocyclohexane, 
whose chlorine atoms are the positions 
their calculated dipole moment. 


Corresponding No. 
Table pairs 


The case (c) the above table definitely 
excluded, because its dipole moment too 
large compared with the observed one (0. 46D). 
There are two pairs (la, 3a) polar bonds 
the case (b), but pairs the case (a). 
Since the configuration with 3a) pairs, 
(b) less stable than (a) that without such 
pairs, the configuration (b) less plausible. 
well known, the measurement the 
dipole moment becomes less accurate the 
value approaches the difference between 
the observed (0.46D) and the calculated 
values may ascribed some error the 
measurement. 

Thus, the configuration the hexachloro- 
cyclohexane (m.p. 146°C) determined 

Heptachlorocyclohexane 
compound was synthesized 
the chlorination the both hexachloro- 
cyclohexane (m.p. 109°C, and 5,- 
tetrachlorocyclohexane (m.p. 

The dipole moment this compound was 
observed 0.69D. The configurations 
whose calculated values the dipole moment 
are smaller than are follows (taken 
from the Table the previous article). 


4) R. Riemschneider, Mitt. XXXII, MA. Chem., 86, H, 
1/2 (1955) and Mitt. XXXI, Mh. Chem., 85, 453 (1954). 

5) R. Riemschneider, Mitt, I, Mitt. Physiolog. Chem. 
Inst. R33, Marz, 1949; Mitt. IV, and VI, 
Naturforschg., 6b, 48, 410, 339 (1951). See also; 
G. Calingaret, A.J. Kolka, and N.O. Orloff, J. Am. Chem. 
Soc., 73, 2359 (1951). 
6) l.c. footnote 3). 
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Corresponding Calculated 
Nos. Configurations dipole 
Table moment 


The synthetic process this compound 
suggests that the position the chlorine 
atoms were not changed during the reac- 
tion. Therefore, six chlorine atoms the 
compound III must lea2ea4e5e, the 
cases (a) and (c) are excluded. 

However, one can exclude neither the 
remaining two from the result the 
measurement dipole moment only. 

suggested, the other hand terms 
organic that the hydrogen 
atom the more easily sub- 
stituted chlorine than that 

The configuration the compound III, 
therefore, may 

IV. Tetrachlorocyclohexane 
109 this compound was obtained 
the partial chlorination cyclohexane, the 
positions the chlorine atoms were unknown. 


The dipole moment was large. 


(3.19 D). 

From the Table III the previous paper, 
the following tetrachlorocyclohexanes 
(upper right) are selected, according the 
magnitude the observed moments (com- 
parable with that the observed values). 


Stable Forms 


Correspond 


Nos. Configuration No. 

Table III (la 3a) 


Another possibility that the compound 
were so, the observed value the dipole 
moment (3.19 would between the two 
values calculated for certain pair inverted 
isomers. this case this compound must 

7) lc. footnote 4). 


Riemschneider, Shimozawa and Baker, 
Mitt. XXXII, Z. Natur forschg., 9b, 799 (1954). 


The Dipole Moments the Polyhalocyclohexanes. III. 


395 


Corresponding 


Configurations 
3.03 
la2e3e4a 3.18 


have one the following eight configurations- 

these, the cases and would inap- 
propriate. For, either case one the 
inverted isomers extremely 
cause the three (la, 3a) pairs, therefore, 
the other configuration without such pairs 
would predominant, and this stable con- 
figuration has, seen, definitely smaller 
dipole moment than that observed for this 
compound. Nothing more obtained 
from the result the measurement the 
dipole moment alone. (Table below) 

Dodecachlorocyclohexane (m.p- 
dipole moment this molecule 
expected zero, since this compound 
has center symmetry. The observed 
dipole moment, compatible with 
this expectation. 


halogene atoms this molecule are, 
cyclohexane ring. was hoped that the 
positions bromine atoms the dipole mo- 


Inverted Isomers 


10’ la2a3a5e 
le2e3a5a 
lea2a3a 2.54 
18’ lea2e3a 4.10 
4.11 


ment investigation could determined, but 
was found impossible, since the bond 
moment C-Br comparable that 
C-Cl bond. 


9) R. Riemschneider and R. Oswald, Mitt. XXXVII, 
Mh. Chem., 85, 972 (1954). 

10) Riemschneider and Baker, Mitt. XXIX, 
Natur forschg, 9b, 751 (1954) and Mh. Chem., 85, 1133 
(1954). y-C6HSCI4sBr2, m.p. 125°C shows insecticidal 
activity, see Table I, p. 1136. 
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The calculated moments the hexachloro- 
cyclohexanes with six chlorine atoms the 
low from the Table the previous paper 
(without considering inverted isomer). 


2.93 


Introduction 


polymer-mixed solvent systems, thermo- 
dynamic properties the ternary mixtures 
such osmotic pressure and swelling, are 
usually explained employing the approxi- 
mation that the mixture the two liquids 
can treated hypothetical single liquid 
having intermediate properties. Sometimes, 
this single liquid approximation produces 
considerable error osmotic measurements 
due non-uniform composition mixed 
solvent both sides semi-permeable 
membrane. Similarly, swelling 
linked gel viscosity (especially intrinsic 
viscosity) polymer solution mixed 
solvent may have, more less, the influence 
this selective adsorption. The deviation 
these properties from those for the single 
liquid approximation, have been formulated 
Part IV. With the aid the expressions 
these deviations, several experimental re- 
sults osmotic, vicometric, and swelling 
measurements 
systems will investigated this paper. 


The Magnitude the Deviation from 
the Single Liquid Approximation 


mentioned Part and Part 
there exist two types interaction between 
polymers and mixed solvents. When non- 
solvent added polymer solution, the 
solvent ability the medium usually de- 
creases uuiformly with its addition (in this 


Note Solvent System. Certain Consequences the 
Previous 
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seen that the case (3) correspounds 
the observed value 2.66D, because the 
difference the bond moments and 
C-Br makes the calculated values for the 
configuration (3) slightly smaller, but can 
not enough reduce the next higher 
one, 3.44 the observed value. 

Thus, the configuration the compound 
were determined the (aaaeee). 


Department Chemistry, Faculty 
Science, Tokyo University. and 
Chemisches Institut der Freien 
Universitat, Berlin-Dahlem 


case, some cases, how- 
ever, the first portion the addition the 
nonsolvent improves the solvent ability 
the medium, and the solvent power shows 
maximum value certain composition, 
and then, de- 
creases (in this case, Such 
behaviors are attributable the repulsive 
force acting between solvent and nonsolvent 
meter The solvent ability mixed 
solvent improved the strong repulsive 
force between the solvent and nonsolvent 
molecules the latter case (hereafter, desig- 
nated Case IJ), whereas stronger pre- 
cipitating power nonsolvent overcomes 
the effect the above repulsive force the 
former case (designated Case I). 

the phenomenon the selective adsorp- 
tion may explained the assumption 
that polymer molecule exhibits preferent- 
ial adsorption the solvent molecules its 
statistical environments, the magnitude 
the selective adsorption may usually larger 
with the larger difference the solvent 
powers the two liquids. The repulsive force 
between the two liquids, however, act 
drive the solvent molecules into the poly- 
mer-rich phase, and this tendency may 
promoted the content the nonsolvent 
increases. For instance, Schulz and Jirgens- 


1) T. Kawai, This Bulletin, 25, 341 (1952). 

2) T. Kawai, This Bulletin, 26, 6 (1953). 

3) As mentioned in Part IV, @ represents the com- 
position of the solvent and not of the nonsolvent. 


: 
‘ 
( 
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found that 70% (by volume) me- 
thanol the methanol-benzene ratio was 0.131 
polystyrene gel phase and 3.00 the 
solvent phase. Case II, the magnitude 
the selective adsorption 
siderably the composition. the com- 
position range, the nonsolvent molecules 
are rather preferentially adsorbed the 
polymer molecules owing the fact that 
majority the solvent molecules drive the 
nonsolvent molecules into the environments 
the polymer molecules through the strong 
repulsive force between the solvent and non- 
solvent molecules. The magnitude this 
“inverse” solective decreases 
the content the nonsolvent increases until 
which the solvent ability 
the mixed solvent has maximum value and 
which the selective adsorption 
vanishes. When the content the non- 
solvent becomes larger than many more 
solvent molecules are absorbed the polymer 
molecules than the nonsolvent, and the ma- 
gunitude the solective adsorption increases 
with the increasing content the nonsolvent 
usual cases. 

course, the larger the manitude the 
selective adsorption, the larger the devia- 
tion from the single liquid approximation. 
The deviation the value is, however, 
become smaller with increasing polymer 
concentration the polymer-rich phase, 
whereas the magnitude the selective ad- 
sorption must larger with the polymer 
concentration (see Eqs. and (15) 
While, this deviation would increase 
with the addition the nonsolvent until 
certain nonsolvent-rich composition reach- 
ed, and then rapidly decrease zero, al- 
though the effect molar volumes the 
Therefore, the contribution the selective 
adsorption the value may most re- 
markable when the solvent abilities the 
two liquids differ very much from each other, 
and especially certain nonsolvent-rich 
composition. will shown later, this 
deviation sometimes amounts 12% the 
values observed swelling measurements 
cross-linked gel such mixed solvent. 
osmotic and viscometric measurements, 
however, this deviation exists generally 
the range, 0~5% the values, because 
the selective adsorption not remarkable 
the compositions usually used these 

4) G.V. Schulz and B. Jirgensone, Z. physik. Chem,. 

B46, 131 (1940). 

.5) Experimentally, Endo proved this phenomenon for 

polyvinyl acetate-acetone-water system. (Private com- 


munication from Mr. K. Endo, the Chemical Laboratory 
of Tokyo University). 
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measurements the swelling measure- 
ments. Intrinsic viscosity enables us, how- 
ever, detect the effect the selective ad- 
sorption owing its sensitivity the sol- 
vent power. 


Osmotic Pressure 
According the treatment developed 
Part IV, the second virial coefficient osmo- 
tic pressure expression, may express- 
ed, satisfactory approximation, 
a, =(RT/p? 

—{1/(RT)p? As: 

(The notation exactly the same that 
employed Part IV, and the density 
the polymer), which may converted 
the form, 

—(p?/RT){ A*3—A*2;+A* 


where 
and 


the other hand, the expression for the 
single liquid approximation, 


a, = A* +A*,.0(1—@) (2) 


has been usually applied the experimental 
data for its simplicity. 

was discussed the preceding section, 
the contribution the selective adsorption 
the value comparatively small (0~5%) 
usual osmotic measurements. Considerable 
errors the values, however, may often 
introduced employing the single liquid 
approximation. few examples will pre- 
sented, which this deviation may sup- 
posed remarkable, considering such 
factors having effects upon discussed 
the preceding section. Kawai and Furu- 
kawa® measured the osmotic pressure 
cellulose acetate solution acetone-alkyl 
phthalates mixtures 20°C. Table the 
values are given for few different com- 


6) T. Kawai and T. Furukawa, J. Chem. Soc. Japan, 
Ind. Chem. Section, 57, 436 (1954). 
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TABLE 
THE EFFECTS THE SELECTIVE ADSORPTION UPON THE VALUE AND THE INTERACTION 
PARAMETERS (CELLULOSE ACETATE-ACETONE-ALKYL PHTHALATES SYSTEMS) 


20°C, 
Dimethy! phthalate Die 
Interaction 
from Eq. (2) -1.48 
Interaction 
parameters 
from Eq. (Ib) 


Nonsolvents 


The contri- 


Content 
fraction adsorption 
667 
0. 500 1.10 1.09 0. 0206 0. 88 


are approximated the above calculations. 


positions. Since the contribution the selec- 
tive adsorption supposed considerable 
when and phthalates are used 
the nonsolvent, the interaction parameters, 
and are calculated em- 
ploying Eq. (Ib) from the values for these 
two nonsolvent Table and are compared 
with those obtained applying (2) 
the same table. Merely for dimethyl phth- 
alate, the interaction parameters are calcul- 
ated only (2), because this calculation 
does not seem introduce any serious error. 
order estimate the contribution the 
selective adsorption the values, the last 
bracketed terms (Ib) are evaluated for 
each composition the three solvent-non- 
solvent pairs also Table Reasonable 
values the parameters have been obtained 
employing Eq. (Ib), whereas the value 
calculated Eq. (2) unacceptably small 
especially for phthalate 
consideration the strong repulsive force 
between the two liquids. Furthermore, 
extremely good agreement has been obtained 
between the experimental and calculated 
values all the composition 
vestigated. 


Intrinsic Viscosity 


discussed Part IV, intrinsic visco- 
sities polymer various liquids including 
mixed solvents might correlated with the 
and another paper” that entirely 
similar relationship may expected between 


thyl phathalate phthalate 


(V2=197. 9) (V2 =264. 9) 
=1.4310 Aj;* -1.4310 
=--0.99 x10 A 93° - --2.43 10 


Aj3* =1. 43x10 Ai;* -1.4310 
A -= --0. 73; x 10 A -2.60*10 


-2.32>10 1610 


The contri- The contri- 
046 


02) 


swelling ratio polymer gel various 
liquids and the values Thus, 
good correspondence expected also 
between values and the equilibrium swell- 
ing ratio series solvents for 
various compositions solvent. 
Actually, Staudinger and Heuer” found that 
the liquid which shows the greatest value 
specific viscosity the solvents for poly- 
styrene, the best swelling agent for poly- 
benzene gels. also 
mentioned that [7] values for series 
neoprence solutions benzene-various esters 
mixtures are linearly related the swelling 
vulcanized Neoprene the corresponding 
tween the equilibrium swelling ratio and 
the cohesive energy densities the swelling 
agents, which was established and 
has been widely used, can well interpreted 
from the above Also the 
Kawai, This Bulletin, 26, 409 (1953). 
8) Strictly speaking, the “ values for the swelling of 
a cross-linked polymer are somewhat different from 


those used in the discussion of intrinsic viscosity, as 
mentioned in Part IV. 

9) H. Staudinger and W. Heuer, Z. physik. Chem., 
A171, 129 (1934). 

10) E.M.Frith and F.R.Tuckett, “‘ Linear Polymers ”’, 
p. 231 (1950). 

11) Although the swelling agents are not the same 
as the liquids employed in the viscometric measurements, 
but are pure esters, it is not impossible to assume that 
this example may be interpreted by our procedure, as is 
seen from Eqs. (16) and (17) in Part IV. 

12) G. Gee, “* Advances in Colloid Science "’, Vol. I, 
Interscience Publishers, Inc., New York (1946), p. 179. 

13) In the usual explanations for this relationship, 
the effect of segment size (See reference 7)) is not 
considered. 
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values would keep pace with the values 
the coming pages. 

Now, the effect the selective adsorption 
could assumed appear through the 
values upon intrinsic viscosities 
mixed solvents. case mentioned 
the preceding section, value decreases 
with the addition the nonsolvent, and its 
value may somewhat smaller for each 
composition than that expected from the 
values for the single liquid 
approximation. Although the magnitude 
the selective adsorption may notable 
this case, its contribution the [7] value 
cannot detected from the above procedure 
since only the value has been 
correlated with the selective adsorption, and 
itself has not yet been formulated 
analytical form consideration the above 
contribution. 

case II, however, this treatment leads 
interesting bit information the 
effect the selective adsorption. 
Eqs. (17) and (18) Part IV, that the 
values the two compositions equally apart 
from the content the solvent which 
the solvent power the mixed solvent shows 
maximum. should exactly equal each 
the single liquid approximation 
were valid. Namely, the 
curve symmetrical with respect the 
line shown the dotted curve 
Fig. actual system, the curve might 


~ 
Single liquid 
approximation 


Actual 
curve 


06 
Fig. the effect selec- 
tive adsorption the curve. 


from this symmetrical one given 
the rigid curve the same figure. 
easily seen from (18) Part IV, that 
values may somewhat smaller than 
those expected from the single liquid ap- 
proximation, either when 
However, these deviations are likely 


14) It is assumed, of course, that [7] gives an equal 
value for the liquids having an equal value of ("/2—#*)V¢ 
for a polymer. 
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larger when than when 
discussed later. Thus, the [7]~@ curve 
becomes asymmetric one, the degree 
which depends upon the magnitude the 
selective adsorption. the two compositions 
equally apart from the contribution 
the selective adsorption the 
value may written, 


(3a) 
the composition, and 


(3b) 
the composition, where the 


easily seen from (3a) and (3b), 
the above asymmetry the curve 
arises mainly from the fact that the values 
the term Eq. (18) Part IV, 
are greater the composition, 
than the composition, although 
the effect molar volumes the two liquids 
has taken into account. The smaller 


‘the values, the less the difference the 


values between the above two compo- 
sitions for constant value and vice 
versa For instance, Palit, Colombo 
and obtained the relation, 
giving almost symmetrical curve with 
respect the line for polystyrene- 
methylcyclohexane-acetone system. this 
system, the effect the selective adsorption 
can ignored due the extremely small 
difference between the and 
values. many cases the selective adsorp- 
tion seems, however, give considerable 
deviation from the “ideal” symmetry the 
curve, owing the sensitive variation 
the value the solvent power. 
Part the value was correlated with 
the value for the single liquid approxi- 
mation and was discussed from few ex- 
perimental data mixed solvents. More 
precise knowledge the [7]~@ relation will 
obtained with the aid the treatment 
developed here. 

evident from (3a) and (3b) that 
the value might also play important 
role the factors governing the asymmetry 
the curve, when the degrees the 
asymmetry are compared for various sys- 


15) S.R. Palit, G. Colombo and H. Mark, J. Polym. 
Sci., 6. 295 (1951). 
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are given for several polymer-mixed solvent 
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070 


Fig. and relationships for 
polyvinyl acetate-acetone-water system 
20°C. 


g./cc. polyviny! acetate acetone- 
ether mixture. 


16) Of cource, the deviation from the asymmetry of 
the |g7]~9 curve increases with 5. These discussions are 
those for a constant value of 5. 

17) K. Yoshioka, J. Chem. Soc. Japan, 72, 767 
(1951). 

18) K. Endo, J. Chem. Soc. Japan, 72, 885 (1951). 

19) K. Yoshioka, J. Chem. Soc. Japan, 72, 664 (1951). 
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systems, which were cited also Part 
The and values are written for each 
system the same figures, showing that 
the degree the asymmetry the curves 
greater for the greater value and 
for the smaller value Strictly speaking, 


0.4 
— 
— 
> 
— 
0.2 


0 
100 080 050 


Fig. and relationships for 
Polyvinyl acetate-methanol-watersystem 
20°C. 


the values should givin these 
figures instead understood from 
the above treatment. For the present pur- 
pose, however the may suffi- 
cient represent the relative magnitude 
the parameter Fig. and Fig. 


020 


09 0.8 07 06 


g./cc. polyvinyl acetate acetone- 
petroleum benzin mixture. 
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also the curves are given from Endo’s 
osmotic showing satisfactorily 
good correspondence between the and 
values all the composition ranges rather 
than between the [7] and 
expected from the above treatment. 

order investigate quantitatively the 
factors which have effects the degree 
the asymmetry the curves, have 
calculated numerically the right hand sides 
Eqs. (3a) and (3b) Table II,, having 
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When the degree the asymmetry com- 
pared for different systems, moreover, the 
magnitude the terms, 
must considered for the different systems. 
Therefore, wonder that the degree 
the asymmetry sometime greater 
the latter case than the former 
case even the comparison were 
made between the systems having equal 
and values. pointed out that 
the curves show remarkable asym- 


TABLE 
ILLUSTRATION THE FACTORS RULING THE DEGREE THE ASYMMETRY THE 


CURVE (EXAMINATION (3a) AND 


(3b) FOR 


AND 


P.V.Ac.-METHANOL-WATER 


P.V.Ac.-acetone-water system 
=1. 530, =0. 950 


on 


10. 


do 4,)* 


P.V.Ac.-methanol-water system 


(p20 4* Ay 4,)* 


21. 


21. 25. 


values are approximate values, which were calculated the relation, 


compared the polyvinyl acetate-acetone-water 
system (Fig. with the polyvinyl acetate- 
methanol-water system (Fig. 3). The differ- 
ence the values remarkable 
between these two systems, mainly due the 
superposed effects the and A,» values. 

Now, the effect the molar volumes 
the two liquids should considered. When 
the molar volume the solvent larger 
than that the nonsolvent the 
asymmetry the curve increasingly 
promoted this effect, since the terms re- 
When this effect the molar volumes 
behaves makes the degree the 
possible, however, prove from (3a) 
and (3b) that the deviation the compo- 
sition always greater than the deviation 
predominant influence the values. 


20) K. Endo, J. Chem. Soc. Japan, Tt, 232 (1950). 


metry the ternary systems, which involve 
acetone, alcohol, and dioxane the 
nonsolvents polyvinyl alcohol-water solu- 
tions. These systems belong the case, 
although the effects the and 
values may predominate over the degree 
the asymmetry. 


Equilibrium Swelling 


Boyer and measured equilibrium 
swelling polysyrene-divinyl benzene gels 
semilogarithmic plot calculated the 
Flory-Rehner equation (Eq. (9) Part IV), 
against the composition the solvent from 
their data for toluene-propanol mixture, 
which according them, consists three 
straight line portions, the first break occur- 
author’s opinion, however, the relatino 


21) R.Naito and T.Kominami, Chem.of High Polymer, 
Japan, Il, 444 (1954). 

22) R.F. Boyer and R.S. Spencer, J. Polymer Sci., 
3, 97 (1948). 
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Fig. Comparison the theoretical 

curve considering the effect selective 
adsorption with the experimental curve 
(Polystyrene-divinyl 
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should represented smooth curve 
instead the three straight lines. Although 
can easily show that one the origins 
the break resides the choice 
for this system clearly goes upward 
considerably the neighbourhood 
and also These phenomena may 
imply the breakdown the concept for 
poor solvents, was pointed out Boyer 
and This failure the concept 
may due some complicated factors 
including those discussed their 
and may due part the approximation 
Eq. (12) applied instead Eq. (13) 
Part IV. For the present purpose, however, 
the effect the selective adsorption the 
values. Also order make the other 
factors clear, may not meaningless, 
because this effect supposed im- 
portant one the above factors. 

possible calculate the contribution 
the selective adsorption the value 
from the equations derived Part IV. 
Employing (14) Part for the single 
the interaction para- 


23) It is derived from the condition, de? 0, 
that the point of inflexion of the /u #~@ curve occurs 
at ¢ 0,5, so long as the single liquid approximation and 
the relation, which corre- 
sponds to Scott’s approximation [ J. Chem. Phys,, 17,268 
(1949)], hold their validity (cf. Eq. (14) in Part IV). 

24) In these calculations of the interaction parameters, 
it is assumed that pp )Ais 
last terms should be written (Vo/pr)Ais and (Vo, RT) Azs 
respectively, but these expressions may be permitted as 
approximate ones (cf. Ea. (14) in Part IV). 


THE CONTRIBUTION THE SELECTIVE ADSORPTION EFFECT THE VALUE OBTAINED 


FROM EQUILIBRIUM SWELLING OF POLYSTYRENE-DIVINYL BENZENE GELS (0.0462% D.V.B.) 
IN TOLUENE-N-PROPANOL MIXTURES AT 23°C. 
V,=107, V2=75.1, wiz=0. 434, woz =1.02, 451 


v;" 
(experimental) 
1.0 0596 434 
0.9 0650 452 
0.7 1225 523 
0.6 2362 592 
0.5 3880 688 
0.4 0.5195 800 
0.2 8941 


liquid approximation) adsorption 

434 

452 0022 

479 0079 

505 

562 0259 
0247 

677 

750 
831 (—0. 0458) 
1.02 


The contribution the selective adsorption the value has been calculated 


factory approximation. 
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meters are evaluated from the values for 
10, and percent propanol, since the errors 
due the selective adsorption and other 
factors are supposed very slight 
and The statement 
Boyer and Spencer that this toluene-pro- 
panol mixture does not show maximum 
swelling any composition, well explained 
from these values the interaction para- 
meters (i.e. this ternary system belongs 
Case mentioned the preceding section), 
whereas unacceptable from Gee’s treat- 

Employing these values the interaction 
parameters, the contribution the selective 
adsorption the value has been estimated 
from (15) Part IV, and given 
Table III, being compared with the values 
calculated for the single liquid approximation, 
and with those from the experiments. These 
are also shown Fig. Until certain 
composition reached, the contribution 
the selective adsorption increases with the 
addition the nonsolvent, and amounts 


25) G. Gee, Trans. Faraday Soc,., 40, 468 (1944). 
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considerable percentage the total value 
was discussed Part IV. interesting 
note that this contribution begins de- 
crease from this composition, owing both 
the increase and the decrease 
Eq. (15) Part IV, and finally, gives 
negative value the composition range 
above 80% propanol (the condition, 


satisfied for the extremely great content 
the nonsolvent. Thus, the dependency 
the above contribution upon and may 
appear various complicated ways such 
are represented (15) Part IV, 
whereas can ignored approximately 
the treatments osmotic pressure and 
intrinsic viscosity. 

The writer wishes thank Prof. Maeda, 
and Assist. Prof. Makishima for constant 
encouragement and many helpful suggestions. 
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Phototropy Mercuric Complex Salts Changes the Physical Proper- 
ties the Reversible Color Change Reaction 


Raghava Rao” reported that 
2HgS rapidly turns black sunlight owing 
the formation mercuric iodide and sul- 
fide, which returns the initial compound 
after few days when left the dark, and 
instantly when heated. However, according 
the present author’s earlier 
appears more probable that mercuric complex 
salt not decomposed the action light. 
Recently Lawrence Schow and George 
Pond® referred mechanism phototropy 
absorption system. Mean-while 
have investigated magnetic susceptibilities, 
X-ray diffraction patterns, possibility pho- 


1) S. V. Raghava Rao and H. E. Watson, J. Phys. 
Chem., 32, 1354 (1938). 

Kunio Takei, Chem. Soc. Japan, 73, 202 (1952) 
(in Japanese). 

_3) Lawrence Schow and George R. Pond, J. Phys. 
Chem., 58, 240 (1954). 
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sphorescence luminescence, well the 
effects admixture impurity and CO, 
and related compounds. From the 
results obtained was found that the degree 
small and change electronic structure 
the crystal occurs. The sample studied 
was the yellow powder prepared 
the hydrogen sulfide however 
the case the study the impurity effect, 
powder prepared electric furnace was 
used. 


Experiments and Discussion Results 


Magnetic Susceptibility.—In previous 
the magnetic behaviour was 
briefly reported. The Gouy method was employed 
for the measurement magnetic susceptibility. 
About the sample yellow pow- 
der) was packed tightly possible into cylin- 
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drical glass tube mm. wide and 130mm. long. 
Weiss type electromagnet (pole diameter 
gap 15mm.) was employed, which gave 9000 
gausses field when excited with current. 
The accuracy measurement was estimated 
about 3%. First the susceptibility the yellow 
powder, was measured, then the powder was 
placed watch glass, turned uniformly black 
exposure daylight, and the susceptibility 
this darkened powder, was measured. When 
this darkened powder was heated 90°C for 
about the color the powder returned 
the original, and the susceptibility this pow- 
der, was measured. When the darkened pow- 
der was kept continually the dark room 
temperature for two days, the susceptibility, 
was measured. The susceptibility mercuric 
iodide, sulfide, and silver bromide, which were 
treated similarly daylight were measured. The 


results are shown Table 
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the trapped unpaired electrons. 
the powder 90°C, the trapped electrons return 
the ground-states enhanced thermal agita- 
tion and cannot recombine with positive holes, 
because most the positive holes escape out 
the crystal heating. Therefore nearly 
equal However, when the darkened powder 
was kept the dark, most the holes remain 
the crystal and the electrons released from 
the trapping centers react with these holes, 
that will return yellow value. 


Powder.—The commonly 
Scherrer diffraction method was used. Copper 


radiation filtered through plate was 
employed. The exposure length was 5—6hr., 
potential 30kV and with tube current 
20m amp. Fig. shows the powder diffraction 


TABLE 
MAGNETIC SUSCEPTIBILITY C.G.S.) 


AgBr (yellow) 0.33 00060 00060 13* 


From the above table evident that the 


initially diamagnetic powder becomes para- 
magnetic after the blackening sunlight. The 
extent blackening was different according 
the intensity light, the time exposure, and 
the degree stirring; accordingly was not 
reproducible, but was ascertained that the 
darkening causes few paramagnetic character- 
istics. Mercuric iodide and sulfide are both dia- 
magnetic, that the phototropy 
were due the decomposition into iodide and 
sulfide, the black powder must diamagnetic 
with negative value account the addi- 
tive law magnetic susceptibility. The observed 
paramagnetism shows that the phototropic beha- 
viour this substance not due the decom- 
position but due very probably the change 
the electronic structure was 
nearly equal returned the original 
value, the other hand, when 
mercuric iodide and silver bromide were darkened 
exposure light, became paramagnetic and 
was nearly equal but did not return 
the original value even after month. The 
mechanism photodecomposition silver bro- 
mide well known. Comparing the above magne- 
tic properties with that mercuric 
iodide and silver bromide, the magnetic behaviour 
ion the conduction band and leave posi- 
tive holes the crystal. Electrons move freely 
until captured the centers. The observed 
paramagnetism due the existence the spin 


* This value is for the darkened sample which was 
kept continually in the dark for a month. 


Lattice constant, 
Fig. X-ray diffraction pattern powder: 
(A) (B) (yellow), 

(C) (black), 

(D) 
(E) 
(F) 
(G) HgS (black). 


those mercuric iodide and sulfide. the com- 
plex salt decomposes into mercuric iodide and sul- 
fide sunlight, the pattern the darkened pow- 
der may consist the degenerated lines 
(yellow) and mercuric iodide and sulfide. 
However, the pattern the mixtures contain- 
ing 20%, 30% and 40% respec- 
tively, the intensity the lines 3.54, 3.37 
and 1.784 became very much stronger than that 
the yellow powder. The line 3.54 due 
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that mercuric iodide and the lines 3.37 
and are due that mercuric sulfide. 
New lines 3.00 and also are found 
them. The former line attributable mercuric 
iodide. even though the darkened 
powder contained mercuric iodide and sulfide, the 
lines iodide and sulfide may not appear the 
pattern the darkened powder, the powder 
contains less than 20% mole. From 
the fact that the black powder pattern 
identical with that the yellow 
evident that darkening does not change the 
crystal structure. Even the change occurs, the 
degree may below 20%. 

Fluorescence, Phosphorescence.—From 
the measurements magnetic susceptibility and 
X-ray diffraction considered that the yellow 
substance, specifically electron belonging 
its molecule raised excited state 
exposure light; this substance returns slowly 
the ground state while kept the dark, 
presumably accompanied emission radiation. 
However, direct confirmation 
phosphorescence could not obtained the eye 
nor photographic observation. 

red mercuric iodide and sulfide powder 
with 1.1: mole ratio was heated porcelain 
crucible with lid, and placed electric furnace. 
The temperature the furnace was kept 170°C 
for one hour. After cooling slowly yellow pow- 


der was obtained. Mercuric iodide melts 


and boils 350°C, while mercuric sulfide could 
not have been fused, and 170°C the vapor 
pressure mercuric iodide small. The yellow 
powder thus obtained was washed with 
alcoho! remove unreacted mercuric iodide, and 
was dried under 80°C. The resulting substance 
was found show the phototropy characteristic 
the yellow completely prepared 
the hydrogen sulfide method. Also the -value 
and X-ray pattern are entirely identical with those 
the latter. analysis was found 64.8% 
and 6.4% while the values calculated 
were are and 6.4%S respec- 
tively. The velocity darkening the above 
synthesized powder under the action light was 
measured the method previously 
also identical with that obtained 
the hydrogen sulfide method. test the 
effects impurity, variously-determined amount 
selenium was added the 1.1: mole 
ture mercuric iodide and mercuric sulfide and 
the mixture was heated 170°C for hour. 
The darkening velocity the product shown 
Fig. With the sample containing 
Se, the velocity larger than with the pure 
with the samples containing 
any other percentage. From the above experi- 


4) Kunio Takei, J. Chem. Soc. Japan, 73, 204 (1952) 
‘in Japanese). 
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0.005% 


my 


current, wamp. 
i> 


Change photo- 


Time, min. 
Fig. Change photo-current mixed 
powder with time. 


ments evident that the photosensitivity 
increases the addition certain small amounts 
foreign substances. 


Effects Carbon Dioxide and Oxygen.— 


change the darkening velocity the yellow 
powder was observed either carbon dioxide 
also the same vacuum. 


Summary and Conclusion 


From magnetic and X-ray experiments 


suggested that electron belonging 
vated state the action light, without 
accompanying change crystal structure. 
Even though change crystal structure 
may occur, would degree below 
mole the pattern darkened form having 
almost the same form the vellow one. 
the oxygen has induence all the 
darkening velocity, the darkening itself 
not due the oxidation-reduction process 
mercuric ion. also sensitive the ex- 
istence impurity. This suggests that the 
phototropy concerned has structure sen- 
sitive factor. When the blackened powder 
kept the dark for two days room 
temperature the color does not completely 
return vellow, but the magnetic suscepti- 
bility becomes nearly equal the value 
the yellow form. 
state seems have very long life room 
temperature. 


Therefore the activated 


conclusion the author wishes express 


his hearty thanks Professors Imanishi 
and Koshiyama, who suggested the theme 
this report the author kindly 
encouraged him publish it. 


Department Applied Science, 
Faculty Engineering, 
Kyushu University, 
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Study Reversible Photo-Chemical Reactions. III. Mechanism the 


Phototropy Mercuric Complex Salts 
Microscopic Observation Single Crystals 


desirable obtain single crystal 
large possible for the study the 
physical properties The author 
made comparably large single crystal 
the vapor phase reaction mercuric iodide 
and sulfide. this paper the results 
microscopic and absorption-spectroscopic ob- 
servations this single crystal will 
reported. 


Materials 


About 30g. mixture mercuric iodide and 
sulfide powder form 1.1:2 mole ratio was 
put glass test tube wide and 80cm. 
long) buried electric furnace. Mercuric 
iodide, m.p. 250°C, b.p. mercuric sulfide 
sublimes 455°C. The furnace was slowly heated. 
Solid phase reaction takes place 170°C between 
mercuric iodide and mercuric sulfide, forming 
which dissociates 185°C into its com- 
ponents. 250°C the iodide melts and 330°C its 
vapor adheres the upper cool part the tube. 
480-500°C the sulfide sublimes and begins react 
with the iodide the vapor phase, and yellow cry- 
stals adhere the wall. After keeping the furnace 
510-520°C for the test tube was taken 
out and kept the dark. Inside the tube was 
observed there were red crystals mercuric 
iodide 50-60cm. from the bottom, yellow cry- 
stals 10cm. lower than this, black crystals 
mercuric sulfide the bottom. analysis the 
yellow crystals plate-form thus obtained were 
found contain and 6.5%S (Calcd. for 
Hg, 6.9%). they show 
the characteristic phototropy certain that 
they are The dimension the 
largest single crystal obtained was 


Experiments and Results 


study the spectral absorption characteristics 
this single crystal the visible region, 
Beckman Spectrophotometer was employed. 
sheet black paper with pinholes 
diameter), each hole being covered with single 
crystal, was mounted. the neighboring absorp- 
tion cell frame black paper sheet with equal 
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Absorption Spectrum and 
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number pinholes, but not carrying crystals, 
was mounted. All the measurements were carried 
out room temperature. The absorption curve 
obtained (Fig. 1-1) shows apparent absorption 
edge 510 mu, and small absorption maxima 
130, 470, 560, 630, 650, 700 and 770 mu. Fig. 1-1 shows 
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crystal, 


also that the percentage absorption wavelength 
shorter than 340 becomes gradually larger 
than that the course the meas- 
urement the yellow crystals turned slightly black 
the light from the tungsten lamp source and 
the percentage absorption slowly increased 
kept the position the prism unchanged, for 
instance 470 for five min. With this mind, 
first measured the region between 510 and 
800 speedily, leaving the other region for sepa- 
rate experiments. Fig. 1-2 shown the ab- 
sorption curve which was obtained after the crys- 
tals were irradiated 470 light keeping 
the prism position constant for twenty five 
minutes. almost identical with the curve 
except for the increased absorption the wave- 
length region longer than Curve shows 
the same effect after two hr. irradiation. Curve 
for the sample blackened daylight. has 
selective absorption visible part. The cry. 
stals darkened this experiment became yellow 
again left the dark ordinary temp. for 
months, after which they gave the curve having 
the limit shows over-all decreasc 
absorption compared with curve but in- 
crease compared with curve 
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Microscopic Observations 


Micro- photograms the darkening process 
single crystal were obtained 
the following way. single crystal 
size was exposed 60W tungsten 
lamp 20cm. distance, few small black spots 
were produced the surface the crystal (photo. 
No. 1). After eighteen hr. the exposure crack 
increased, and the whole crystal turned darkish 
appearance (phote. No. 2). warmed 90°C 
for twenty minutes the blackened crystal was 


Photograph No. 1-Single which was 
illuminated tungsten lamp for hrs. 


Photograph No. 2-Single crystal which was 
illuminated tungsten lamp for hr. 
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Photograph No. was 
warmed 90°C for mins. 


bleached yellow. But, under microscope some 
small black spots were observed remain still 
its surface (photo. No. 3), and the bleaching was 
not complete. These spots did not disappear com- 
pletely after several hr’s warming 90°C. This 
observation could reproduced with several other 
specimens single crystals, but the 
number the spots produced light differed 
with different specimens. 

identify the black spots photo. No. the 
following experiment was performed. few 
drops conc. nitric acid were added darkened 
single crystal which was placed dish. Then 
was observed microscope that most the 
black spots the darkened single crystal wer 
dissolved the acid and some black spots were 
not dissolved. Simultaneously the existence 
mercuric ion the acid was recognized violet 
color reaction Mercury 
and its iodide dissolve easily conc. nitric acid 
but mercuric sulfide does not dissolve. So, the 
soluble black spots seem mercury. can 
assume the black spots photo. No. col- 
loidal mercury. The evidence for the fact that 
the black spots photo. No. are mercuric sul- 
fide was given the following experiment. 
quantity the yellow powder was 
placed glass mortar covered glass dish, 
darkened daylight, and warmed 90°C for 
ten minutes. These operations were repeated 
times. Then some gray and red powders adhered 
the cover glass. The former powder was found 
the mercury violet color reaction 
diphenylearbazone and the latter mercu- 
ric iodide, the iodine-starch reaction. the 
analysis the powder left the glassmortar 
thus obtained 7.6%S (mean values) was found 
(Calcd. for 6.9%). The above result 
shows that, warming the black powder, mercury 
and its iodide sublime and sulfide remains the 
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powder. This phenomenon will also take place 
concluded that the black spots photo. No. are 
mercuric sulfide. the othr hand, these spots 
did not dissolve conc. nitric acid. This sug- 
gests that the spots are mercuric sulfide. 


Discussion 


The strong absorption the wavelength 
region shorter than 510my and the sharp 
absorption edge 510 (Fig. 1-1) are the 
origin the yellow color the crystal. 
The minor absorption maxima 560, 630, 
650, 700 and are considered 
great importance. That the black 
2HgS has selective absorption shown 
curve Fig. Now, the question 
point the relation between the mechanism 
the phototropy and light absorption. the 
phototropy this case explained elect- 
ron excitation the molecule, must 
due the absorption light wavelengths 
shorter than rather than 430 
which have insufficient energies 
for the excitation. The existence strong 
absorption wavelengths shorter than 300 
easily anticipated from Fig. 

the other hand, considered from 
microscopic obscrvation that the number 
black spots produced the crystal surface 
illumination 60W tungsten lamp 
small. This due the weakness intensity 
ultra-violet ray the tungsten lamp. When 
crystal irradiated daylight very 
strong intensity ultraviolet ray, many 
black spots are produced few seconds. 
clear from photo No. and that the 


the previous the mechanism 
phototropy was reported. Now 
the author prepared mercuric complex salts, 
and HgXCNS and studied their 
phototropic phenomena. From the measure- 
ment magnetic susceptibilities and X-ray 
diffraction these powders, was ascertained 
that the mechanism their phototropy 
identical with that The reflec- 


1) Kunio Takei, This Bulletin, 28, 403 (1955). 
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darkening due the increase the num- 
ber black spots the crystal surface. 
These black spots are colloidal mercury. 
Curve corresponds the absorption curve 
single crystal whose surface covered 
wholly colloidal mercury. Colloidal mer- 
cury vaporize rapidly being heated. 
room temp., however, its vaporization velocity 
slow. Therefore can point out that 
the percentage absorption for curve de- 
creases slightly compared with that for 
curve account slow vaporization 
colloidal mercury. 


Conclusion 


(1) Absorption spectra yellow single 
crystal show apparent absorp- 
tion edge 510 my, and small absorption 
maxima 430 and 470 

(2) the exposing single crystal 
daylight, colloidal mercury are produced 
the crystal surface black spots. heating 
the black powder, mercury and mercuric 
iodide vaporize into the atmosphere and 
sulfide remains the crystal surface. 


The author would like express his ap- 
preciation Professor Imanishi the 
Department Science and Koshiyama 
the Department Applied Science 
Engineering for their stimulating interest 
this work. 


Department Applied 
Faculty Enginecring, 
Kyushu 
Fukuoka 
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tance spectra, darkening velocity, reverse reac- 
tion rate, activation energy 
tion, decomposition temperature, discoloring 
temperature and specific weight were meas- 
ured. The difference the phototropy 
characteristics from the difference halogen 
complex salts will also discussed. 


Materials 


The materials and 
were prepared the action 
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hydrogen sulfide the methy! alcoholic solution 
mercuric iodide, mercuric bromide and mercuric 
chloride, respectively. When the mixture 
mercuric halide and mercuric sulfide (black) 
powder mole ratio 1.1: was heated 
170°C for one hour electric furnace, the 
same complex salts those hydrogen method 
were also produced. mixture mercuric 
halide and rhodanide powder the mole ratio 
was put ina porcelain crucible and heated 
160°C, stirring with and quickly 
cooled, orange yellow powder, was produced 
from the mixture mercuric iodide and rhodanide 
yellow white powder from mercuric bromide and 
rhodanide yellow-white powder from mercuric 
chloride and rhodanide. Impurity was removed 
washing the powders with methyl alcohol. From 
chemical analysis them, was recognized that 
they were HgICNS (orange yellow), HgBrCNS 
(white yellow) and (white yellow), 
respectively. The materials obtained have photo- 
characteristis. large single crystal 
other than could obtained. 


Experimental Results 


(1) Reflectance Spectra.—The 
spectra the above powders determined with 
Shimazu Reflectance Spectrometer was shown 
Fig. 

(2) Physical and Phototropic Properties.— 
The data the physical and phototropic properties 
were shown Table 

(1) Magnetic Susceptibility.—For instance, 
the value magnetic susceptibility, for the 
yellow powder was and 
changed i.e. under action 
daylight. After this darkened powder was heated 
90°C (discoloring temp.) for about ten minutes 
the susceptibility this powder, was measured. 
When the darkened powder was kept the dark 
room temp. for days, the value reversed 
the original value, The words the 
parenthesis every column show the days during 
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Reflectance-percent 


600 700 
Mu 
Wave length 
Fig. Diffuse reflectance spectra: 
(1) (2) 
(3) HgICNS, 
(5) (6) HgCICNS. 


which the darkened powder was kept the dark. 
for darkened HgXCNS was paramagnetic, but 
did not reverse the original value when 
kept the dark. 

(2) X-ray Diffraction Powder Pattern.—The 
patterns every powder which was not yet 
illuminated sunlight were identical with that 
the darkened powder. new lines were 
found the patterns the darkened powder. 

Darkening Velocity.—The darkening ve- 
locity constants obtained the method 
earlier were larger the follow- 
ing order: 
and The order 
was identical with that Rao’s the 
3min., 10min. and HgICNS min., 
HgBrCNS 2min., HgCICNS min. 

Activation Energy Reverse Reaction. 


2) Kunio Takei, /. Chem. Soc. Japan, 73, 294 (1952) 
(in Japanese). 
2) S. V. Raghava Rao and H.E. Watson, J. Phys. 
”., 32, 1354 (1938). 


TABLE 
PHYSICAL AND PHOTOTROPIC PROPERTIES 


Substance 
0.18 0.19 
suscep. 
C.G.S. Unit. 0.18 0.19 
days) days) 
Darkening velocity 
5°C per sec. 
Activation energy 
reverse reaction, 12.8 17.4 

Decomposition 185 200 
temp., 332 
Discoloring 

temp., 


00234 000690 


197 
+0.01 


orange pale 
yellow yellow 


Specific weight 


Color 


month) days) days) days) 


19.9 
200 
347 
202 


orange white white 
yellow 
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—The velocity constants reverse reaction were 
measured various temperatures the method 
2nd The activation energy reverse 
reaction was calculated from temperature coeffi- 
cient logarithm the velocity constants. The 
magnitudes obtained were the following order: 
sunlight was very small, that the activation 
energy for HgCICNS could not calculated. 

Decomposition Temperature.—The de- 
composition temperature the complex salts found 
the method thermal balance were the 
following order For HgBro- 
2HgS and there were first and second 
decomposition temperatures. 

Discoloring 
ened powder daylight recovers instantly the 
original color being heated. The bleaching 
temperature increases the following order: 

(7) Specific Weight.—The mercuric complex 
salts were not wet water. they 
were wet dilute solution surface active 
agent. agent sodium-dodecylbenzene-sul- 
fonate was used. When the above solution was 
used standered solution, sp. wt. complex 
salts were determined 30°C. 


Discussion 


From the results that the powder patterns 
before darkening are identical with those 
after darkening, confirmed that the 
degree decomposition mercuric complex 
salts (HgX.-2HgS and HgXCNS) below 
value for darkened powder 
was reversed the original value the 
dark after some days. However, for 
darkened HgXCNS did not reverse the 
original value. This explained follows, 
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Under the action light, HgXCNS 
poses into its components. Simultaneously 
positive hole remains the crystal when 
electron belonging the molecule 
raised the conduction band. The positive 
hole diffuses the outside the crystal 
and escapes gas the atmosphere. 
the case HgXCNS most the positive 
holes may escape the atmosphere. 
ever, the case most 
the positive holes may remain the crystal, 
for reverses the original 
value, interstitial mercury deposited 
colloidal metal the crystal surface. 
Comparing the values activation energy 
with that decomposition and discoloring 
temp., understood that the complex salts 
are more stable heat the following order: 
I<Br<Cl. From the difference discoloring 
temp. due the difference halogen, was 
found that the colloidal mercury deposit has 
still interaction with the original molecule. 
The darkening velocity decreases the 
following order: I<Br<Cl. The decrease 
sensitivity light the above order 
may not only due the decrease 
the quantity interstitial mercuric ion 
the same order, but also due the increase 
activation energy diffusion interstitial 
mercuric ion the crystal surface. 


The author wishes express his thanks 
professors Imanishi and Koshiyama 
for valuable discussions and suggestions 
connection with this and preceding papers. 
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Engineering, Kyushu University, 
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Introduction 


The crystal structure barium-dicalcium 
propionate has been completely determined 
independently Nitta and and 
Harris and 1935. According 
their results, this crystal room tempe- 
rature belongs the cubic modification and 
order satisfy the requirement the 
symmetry properties its space group, 
O'—F4,3, was found necessary assume 
that the methyl group the propionate ion 
should lie the digonal 
C-C bond the and carboxyl carbons. 
Considering the tetrahedral bond angle 
the atom, this fact should inter- 
preted assuming either the dynamical 
model which the methyl group making 
rotational motion, partial free about 
the bond, the statical model 
which assumes that the crystal 
carboxyl groups bent rightwards, were, 
and those bent leftwards, each form being 
distributed such disordered way 
satisfy the digonal character mentioned 
above. 


Now, seems plausible suppose that 
the methyl group would settle down 
definite orientation and result the cry- 
stal symmetry would become lower form- 
ing ordered lattice, the crystal cooled 
down below certain critical temperature. 
undertook this investigation ascertain 
such possibility and elucidate the mech- 
anism the phase transition would 
really occur, view the recently recog- 
nized fact that the thermal motion 
mutual interaction molecules having 
methyl groups their peripheries exhibit 
some interesting behaviour the solid state 

*A part of this investigation has been already 

published in J. Chem. Phys., 19, 1061 (1951). 

** Present address: Momotani Juntenkan Co. Ltd., 

Osaka. 

* Present address: The Institute of Polytechnics, 

Osaka City University, Osaka. 

**"* Present address: Sumitomo Chemical Co,, Osaka. 

la) I. Nitta and T. Watanabe, Sci. Papers Inst. Phys. 

Research (Tokyo) 26, 164 (1935). 


lb) L.P. Harris and P.M. Biefeld, J. Am. Chem. Soc., 
396 (1935). 


for example the cases 
etc.* 


Experimental 


Sample 


Pure sample barium dicalcium pro- 
pionate (in the following referred Ba-salt 
for brevity).—Into aqueous solution propionic 
acid, calcium carbonate and barium hydroxide 
were dissolved, each which are the moiar 
ratio corresponding the chemical formula, and 
then the Ba-salt was precipitated slow evap- 
oration this solution the thermostat about 
This sample was then recrystallized twice 
from water. Under the poralized microscope 
was confirmed that they were homogeneous cubic 
crystals. The chemical composition was also 
checked the chemical analysis the content 

Mixed crystal the Ba-salt and 
(Pb-salt for brevity).—It 
that the Ba-salt can form mixed crystal cubic 
modification with the Pb-salt the concentra- 
tion 14.5 molar the latter. The region 
between 14,5-44.4 mole the concentration 
Pb-salt known the miscibility gap, but 
beyond 44.4 mole these two components form 
again mixed crystal, although they now belong 
the tetragonal system. 

order clarify the mechanism the phase 
transition, have prepared the mixed crystal 
various concentrations the Pb-salt according 
the method The specimens 
the molar ratios and ions corres- 
ponding (100: 2), (100: 5), (100: and (100: 
100) were used. The concentration ion 
was determined the chemical analysis and the 
real formation the mixed crystal was ascertained 
taking Debye photographs. make the 
crystal homogeneous possible, the crystallized 
specimens were ground very fine powders 
and then they were again put into the mother 
liquors and left for These processes 
were repeated two three times. 


2) H.J. Backer and W.G. Pedrock, Rec. trav. chim., 
61, 553 (1943). 

3) L.A.K. Staveley et al., J. Chem. Soc 

4) F, Seyer, R. B. Bennett and F.C. Wiliams, J. Am. 
Chem. Soc., 71, 3447 (1949). 

* As one part of a series of our investigation on the 
rotational transition, we have studied the phase transi- 
tions of BesO(CHsCOz)e and Ce(CHs)e- These results 
wiil be published shortly. 

5) P. Groth, Chemische Krystallographie II, 203. 

6) A. Grenall, J. Chem. Phys., 17, 1036 (1949). 
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Apparatus and Procedures 

Specific heat measurements.—For 
preliminary study ascertain the occurrence 
the phase transition carried out the differential 
therma! analysis using the Ba-salt and found 
fact the existence the phase change about 

investigate further detail then 
measured the specific heats the vicinity this 
temperature heating well cooling direc- 
tions the conduction calorimeter, the descrip- 
tion which was already given precisely the 
previous the present investigation, 
have improved the apparatus the control 
the temperature difference between the calori- 
meter heater and the cell containing the sample 
and also deviced automatic regulator the 


| 


Lamp 
Thermocouple 
Galvanometer 
Magnetic Relay 
66G-GT 
6AC7-GT 
Tube 
Fig. Electric circuit for the mainte- 
nance the temperature 
calorimeter. 
7) I. Nitta, S. Seki and M. Momotani, Proc. Japan 
lead., 26, (9) 25 (1950). 


TABLE 


thermostat surrounding the 
electric circuit used for the maintenance the 
temperature head mentioned above shown 
Fig. use this, can regulate automat- 
ically the temperature difference constant 
value (we usually maintained between 
within the fluctuation +0.01°C. Specia! pre- 
caution was taken prevent the effect the 
photoelectric tube caused the variation the 
brightness the room. The 
for the thermostat shown Fig. 


6SJ7-GT 
66G-GT 
Thermister 
Magnetic Relay 

Fig. Relay circuit for the thermostat. 


Thermister prepard from the mixture cobalt- 
was used*. The temperature 
fluctuation was minimized within 

Dilatometric measurements.—By using 
glass-made dilatometer with mercury 
dilometomer liquid” the thermal expansions below 
and above the said transition temperature 
measured with the rate 0.1°C/min. both 
heating and cooling directions. 


and Discussion 


The data specific heats the 
well the mixed crystals the 


* We are very much indebted to Mr. Saito of the 


physics department of this faculty who kindly prepared 


the present thermister for us. 


SPECIFIC HEATS 


Heating direction 


cal cal 


mole 


190, 2.78 211.50 
7.34 252. 1.50 175. 
6.3 345. 


Cooling direction 


cal cal 
p 
mole male 


4 
2 


184.8 
10. 205. 634.7 
7.36 285.7 
298. 


The 
the 
mat- 
stant 
pre- 
the 
the 
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and Pb-salts (Ba: Pb=100:100 (mole)) are 
shown Tables and and the specific 
heat curves all kinds mixed crystals 
investigated are illustrated Figs. 3-7. 


TABLE 
SPECIFIC HEATS OF (Ba, Pb) 
Ba: 100 (mole) 
Heating direction 


mole 


181.55 
164. 
182. 166. 
182. 168. 
182. 170. 
182. 172. 
183. 
183. 176. 
184. 178. 
184. 180. 
182. 
200. 184. 
208. 
188. 
213. 190. 
216. 192. 
218. 194. 
222. 196. 
198. 
221. 200 


-10 
Fig. Heat capacity vs. 
curve (pure Ba-salt). 


temperature 


Polymorphic Phase Transition Barium-dicalcium Propionate 


-10 
Fig. Heat capacity vs. temperature 
curve (Ba-salt: 2). 


-10 
Fig. Heat capacity vs. temperature 
curve (Ba-salt: 5). 


The tramsition temperatures, the heats and 
entropy changes these transition temper- 
atures these salts are all summarized 


Table III. 

this table and the figures given above, 
can find that both the heat and entropy 
changes become smaller the Pb** content 
increases and the general trends the specific 
heat curves are not always the same heat- 
ing and cooling directions. 


P mole | j + 
Ba- 600 + + + | 
| 


-10 


Fig. Heat capacity vs. temperature 
curve (Ba-salt: Pb-salt 8). 


Heat capacity vs. temperature 
curve (Ba-salt: Pb-salt--100: 100). 


Now, let consider the mechanism the 
phase transition little more detail. For 
this purpose should like consider first 
the simpler case the phase transition 
the pure Ba-salt and thereafter proceed 
the effect the substitution the 
ion. will convenient for the following 
discussion, however, that give brief 
account the relative molecular arrange- 
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Fig. Volume vs. temperature curve 
pure Ba-salt. 


' 
c 
Et 0 0 
Ba 


Fig. Two dimensional 
presentation relative arrangement 
radicals around metallic ions. 


TABLE III 


TRANSITION TEMPERATURE, HEATS AND 


ENTROPIES OF TRANSITION, AND VOLUME 


CHANGE AT TRANSITION OF Ba- AND MIXED SALTS 


Ba-Salt 


Heating 
Transition Temperature 
Cooling 


Heat Transition Heating 
Cooling 
Entropy Transition Heating 
Cooling 
Volume Change 


(Ba, 


100: 100: 100: 

9.10 7.34 -6. —6. 

1741 1464 1355 1260 
1745 1470 1356 

502 5.05 4,54 

7.00 5.08 

9.07 


rac 
ato 
oct 
bo: 
bel 
| | | atc 
| 
4 /\ | 
tro 
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fro 
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August, Polymorphic Phase Transition 
ment this crystal. shown schematically 
twelve oxygen atoms the six carboxyl 
radicals the corners octahedron and 
calcium atom surrounded six oxygen 
atoms the corners nearly regular 
octahedron. Each oxygen atom the car- 
group facing barium one side 
and calcium the other, and, while the 
behavior the two oxygen atoms car- 
boxyl group the same towards the central 
barium atom, only one these oxygen 
atoms that comes into contact with the same 
calcium atom. However this latter oxygen 
atom taking important part mediator 
between the two kinds metallic cations, 
were, and the whole crystal joined 
together them. 

evident from the constitution this 
crystal, may point out two main contribu- 
tions the cohesive energy; viz, the elec- 
trostatic interaction between positive 


metallic ion and the negative carboxyl radical 
and the van der Waals forces common 
organic molecular crystals. 

Taking these circumstances into considera- 
tion, may put forward tentative expla- 
nation the mechanism this transition 
phenomenon which seems not quite 


unreasonable. already mentioned this 
transition supposed intimately con- 
nected with the enhancement the ther- 
mal motion the methyl groups the pro- 
pionate ion. Although the complete crystal 
structure the low temperature modification 
not yet determined, may supposed 
that the six methyl groups which belong 
respectively six different ions con- 
front each other, say, nearly hexahe- 
drally this modification the cubic 
one. Below the transition point, these methyl 
may more less fixed definite 
orientations and shown schematically 
Fig. 10, the distance the oppositely situated 
methyl groups, for instance, will 


Fig. 10. Schematic illustration the cor- 
related molecular motion six methyl 
groups. 
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little larger than those the other two 
pairs, B-B, for the reason given above that 
the crystal system will become tetragonal 
orthorhombic*. the temperature rises, 
the rotational vibration these groups 
about the bond will become more 
and more violent. this case, the dis- 
tance between methyl groups are small 
enough come contact with each other, 
then must assume that their mutual 
location should vary phase just like me- 
shing-gear-wheels and such case will 
realized that only the four the six methyl 
groups can come into coupling shown 
Fig. 10. This situation may said 
similar way the rotational motion 
long chain hydrocarbon crystals considered 
must recall here the fact 
that the LTS (low temperature side) hump 
the spesific heat curve more sensibly 
affected the substitution ion 
Pb** ion. Such replacement the metallic 
ion will probably cause more remarkable 
effect the electrostatic interaction than 
the Van der Waals forces. The movement 
carboxyl radical attached the substi- 
tuted Pb** ion will more limited, since 
the ionic radius Pb** ion smaller than 
ion. Indeed, confirmed taking 
Debye photographs the two sorts mixed 
crystals containing ion molar ratios 
(100: and (100: 5), that the decrease 
the lattice constant the former amounts 
0.3% and that the latter to0.4%. Thus, 
the LTS phase transition will more 
less directly connected with the change 
the thermal motion the radicals, 
this change influencing the same time the 
rotational vibration the methyl groups. 
When the temperature rises further, the rota- 
tional vibration will over into hindered 
rotational motion which the six methyl 
groups will become equivalent and the cry- 
stal will converted into the cubic modi- 
fication. Thus, may suppose that the 
HTS (high temperature side) large specific 
heat peak will due the equal partici- 
pation the rotational motion all the six 
methyl groups which will accompanied 
considerable volume change. Such expla- 
nation the present two-step transition will 
not unreasonable from the experimental 
fact that, while the LTS specific heat hump 
* We confirmed by the observation of the appearence 
of the birefringence below the transition point that the 
low temperature one has no longer any cubic structure. 
According to the private communication of Professor 
Oda of Osaka University of Liberal Arts and Education, 
it is also confirmed by Debye-photograph that this low 
temperature phase has lower symmetry than the cubic 


modification. 
8) E.R. Andrew, J. Chem. Phys., 18, 607 (1950). 
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shows appreciable volume change, the 
HTS one goes along with considerable 
volume change (see Fig. 8). 

Although the correlation between the ther- 
mal motions the two different parts 
one propionate ion not clear detail, 
rather remarkable that such small con- 
tent Pb** ion causes considerable effect. 
Probably the neighbouring lattice region sur- 
rounding the substituted ion would 
undergo sort lattice distortion, the effect 
which will propagated through the 
whole crystal the action carboxyl radi- 
cal which plays the role mediator 
the crystal structure mentioned above. 
Anyhow, our discussion hitherto given may 
only qualitative nature and for the 
more quantitative discussion such com- 
plex phenomenon, crystal structure determi- 
nation below well the transition 
temperature region, study nuclear mag- 
netic reasonance absorption respect the 
movement the methyl group, spectroscopic 
study the part the carboxyl radical, 
etc. are highly desirable. 

Finally few remarks may added for 
the phase transition which occurs the 
tetragonal mixed crystal having the compo- 
sition (100: 100) molar ratio and 
Pb** ions. shown Fig. this phase 
transition takes place around 160°C. 
comparison with the cubic modification 
the mixed crystal containing small amount 
ion, the transition temperature 
displaced much higher temperature and 
this phase transition occurs very gradually, 


the shape its anomalous region being 
The dotted line (a) 
for cooling direction and the curve (b) 
corresponds also the specific heat the 
same direction starting from about 155°C 
where the phase transition not completed 
yet heating process. Hysteresis pheno- 
menon also very remarkable. was 
ascertained the microscopic observation 
that the high temperature form belongs 
the cubic modification. this respect, the 
above-mentioned phase transition, which oc- 
cures about —6°C, seems displaced 
this higher temperature region virtue 
the large amount the Pb** ion. How- 
ever, for the detailed discussion the rela- 


tion between them, the crystal structure 


well physicochemical properties 
should studied further. 

conclusion, the authors wish express 
their hearty thanks Professor Nitta for 
his helpful suggestions and gracious encour- 
agement throughout this work. part 
the cost this research was defrayed from 
well trom the Scientific Research Expend- 
iture Grant from the Ministry Education 
which the thanks the present authors 


are due. 


Department Chemistry, Faculty 
Science, Osaka University, Osaka 


9) H. Blattner and W. Merz, Helv. Phys. Actc, 21, 


210 (1948). 
10) Huffman, Parks and Daniels, J/. Am. Chem. Soc., 


52, 1547 (1930). 


j 
q 
4 
he 
( 
9 
Vv 
n 
0 
ti 
Ww 
| 


21, 


August, 1955] 


Physicochemical Studies Molecular Compounds. 417 


Physicochemical Studies Molecular Compounds. Heats Solution 

1,3,5-Trinitrobenzene, Naphthalene and Anthracene Benzene. Heats 

Solution and Heats Formation Molecular Compounds 1,3 
Trinitrobenzene with Benzene, Naphthalene and Anthracene 


(Received March 14, 1955) 


Introduction 


the two previous papers have re- 
ported the results our investigations 
the vapor and the heat forma- 
quinhydrone crystal which one 
the typical colored organic molecular 
compound. well known, the other 
hand, there are large number organic 
molecular compounds which are formed be- 
tween polynitrobenzenes and aromatic poly- 
nuclear hydrocarbons. Although phase dia- 
gram investigations and spectroscopic studies 
the solution state these molecular com- 
pounds have been hitherto accumulated, there 
not yet known any energetic investigation 
their crystalline state. this respect, 
have undertaken study the substances 
mentioned above, get further insight into 
the nature the interaction energy between 
the component molecules. 


Experimental 


Sample 

Naphthalene 
samples were given the courtesy Dr. 
Wayaku the Central Research Institute Osaka 
Gas Company. The purity the sample deter- 
mined him was: 99.96% for naphthalene and 
99.6% for anthracene. 

5-Trinitrobenzene (TNB for bre- 
vity).—This material was prepared from 
trinitrobenzoic acid the ordinary method* and 
then recrystallized twice from glacial acetic acid, 
m.p. 5°C. 

Molecular Compound (MC for brevity) 
TNB with Naphthalene (1: Molar 
Ratio.—This was prepared slow evaporation 
the solvent from acetone solution containing two 
components the molar ratio. The precipi- 
tated small the bottom the container 
were picked up. This decomposes slowly 


1) I. Nitta, S. Seki, H. Chihara and K. Suzuki, Sc/. 
Papers from Osaka Univ., No. 29 (1951). 

Suzuki and Seki, This Bulletin, 26, 372 
(1953). 

* Present address; Department of Chemistry, Faculty 
of Science, Kobe University, Mikage, Kobe. 

* See for example: Gilman, Organic Synthesis, Col- 
lected Vom 1, P. 543. 


the air, stored them disiccator with 
small amount naphthalene prevent the 
preferred evaporation naphthalene from the 
MC, m.p. 5°C. 

Molar Ratio.—By gradual cooling the alcoholic 
solution containing two components the 
molar ratio, obtained this MC, m.p. 

Ratio.—By slow evaporation benzene solution 
containing TNB can obtain the precipitates 
MC. This decomposed immediately, however, 
picked from the mother liquor 
ordinary temperature, could not obtain 
pure having the 1:1 ratio. Therefore, 
divided the sample into six parts and scaled them 


.as quickly possible into six small glass bulbs 


having nearly the same volume. Then, 
them were used for the analysis determine the 
composition just the beginning the experi- 
ment. order determine the chemical composi- 
tion these samples, weighed the sample 
together with the bulb, then made small hole 
its glass wall and placed under high vacuum 
for about eight hours and then weighed 
again. the vapor pressure TNB very 
low room temperature, can ascertain 
calculation that the loss TNB during this pro- 
cedure negligible. After the decrease the 
weight stopped, confirmed finally the 
chemical analysis the nitrogen-content that the 
were completely converted into TNB. 
\ccordingly, all the samples employed for experi- 
ments are the mixture and TNB (see 
Table 

Apparatus and Procedures 

The calorimeter used for the determination 
the heat solution essentially the same 
only with some improvements for 
making possible measure the smaller heat 
effect. The main thermel for the measurement 
temperature difference between the calorimeter 

** As to the composition of this MC, there are two 

alternative views of 1:1 or 1:2 molar ratio of TNB and 

benzene. We have been informed by private communica- 

tion from Professor C.H. McGillavry at the University 

of Amsterdam that the 1:1 compositions are much 


more reasonable by their preliminary crystal structure 
determination. 
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and fluctuation damper was made from junctions 
copper-constantan thermocouple. The fluctuation 
damper was made copper block cylinder 
diameter and 7cm. height, which narrow 
wells diameter, 4cm. depth) are drilled 
for the insertion the junctions the thermel. 
these improvements could measure the 
temperature variation 0.00005°C. When the 
glass bulb used the container the sample 
was destroyed, was found that some amounts 
heat were absorbed due the evaporation 
the solvent into the free space the container. 
Using benzene the solvent, deter mined 
this heat employing the empty bulbs 
various sizes and found that expressed 
the following equation, 

where the volume the free space the 
bulb cc. All the measurements were carried 
out 25°C. order check the amount 
the heat dilution, measured the heats 
solution various concentrations. 


Results and Discussion 


The heats solution the components well 
those MC’s are all given Tables I~VI. 
may noticed here that the heats solu- 
tion TNB decrease with the increase the 
concentration the solution, while those 
naphthalene behave oppositely. For naphthalene 
and TNB (Table and II) the extrapolated values 
the infinite dilution are also given. They were 


TABLE 
HEATS SOLUTION TNB 
Concentration 
Solution 


Weight kcal./ 


No. Molz 
Molar Ratio 
initial final 

3048 00000 0.00114 593 
3261 00000 00134 2.572 


Extraporated 


96 « 
zero concentration 


TABLE 
HEATS SOLUTION NAPHTHALENE 
Concentration 


initia final 
8958 00134 00277 4,214 


Keisuke and SEKI 
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TABLE III 

HEATS OF SOLUTION OF ANTHRACENE 

Concentration 
Solution 


Weight 
Molar Ratio 


No. the Sample 
used. (g) 


initial final 
Average 020 
TABLE 


NAPHTHALENE AND TNB 
Concentration 


No. the Sample (MC/Benzene) mol. 
used. (g) 
initial final 
1.1775 00207 00263 905 
Average 
TABLE 


ANTHRACENE AND TNB 


Concentration 
Solution 


No. the Sample 
used. (g) 
initial final 
1912 0.00119 8.772 
Average 
TABLE 


HEAT SOLUTION THE MIXTURE 
TNB AND (1:1) BENZENE 
AND TNB 


Concentration 
Weight Solution 
Molar ratio 


No. the Sample 


initial final 


Average 12. 74+0. 


assuming the following 
equation, 
4H soin.(C)=4H™ goin. + C4H diin. 


where 4Hscin.(C) stands for the heat solution 
the concentration 4H™soin. the heat solu- 
tion infinite dilution, and the heat 
dilution. The heats solution the other sub- 


i 
| 
Extraporated 


linear 


lution 
solu- 
sub- 
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stances are independent the concentrations 
within the experimental errors, the average 
value for each material may looked upon 
directly the heat solution infinite dilution. 
Among these results, only that naphthalene 
known.» This reported result, however, 
less accurate and without any description the 
concentration and temperature which the ex- 
periment was carried out, not compare 
with ours. 

The results analysis the composition 
the between TNB and benzene are given 
Table VII. evident, the residue, after the 
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specimen the unit the heat 
solution pure TNB the same unit, the 
weight fraction benzene the specimen and 
the molecular weight benzene. The heats 


formation from the gaseous components 
the lattice energies the crystalline MC’s, were 
calculated from (or and the heats 


sublimation (or vaporization) each component. 

The heats formation the three MC’s 
measured are given Table VIII, together 
with the binding energies the MC’s the solu- 
tion determined Briegleb al. for 


TABLE VII 
BENZENE CONTENTS THE SAMPLES TABLE 


Amount benzene determined the loss weight 


evaparation: 


*Chemical analysis 
the residue: 


evacuation, consists completely pure TNB. 
spite the special care taken avoid the pre- 
ferred evaporation benzene, was found that 
the sample for the experiments was decomposed 
already considerable extent. 


Now, the heats formation from 


the components their crystalline state except 
that benzene and TNB, can calculated 
the difference and the sum 
those component crystals, since the infinite 
dilution the interactions between solute molecules 
may negligible. the above-mentioned case 
benzene and TNB pure can not 
obtained, that the data given Table 
should correspond the heats the 
the mixture and TNB. The heat for- 


mation 4H} pure (1: from TNB and 
liquid benzene may be, therefore, calculated 
the following relation 


where the observed heat solution the 


3) G. Gehlhoff, Z. Physik. Chem., 98, 252 (1921). 
4.42 


observed value 
calculated value (TNB) 19.72% 


three) 


this table, the heat formation be- 
tween benzene and TNB from the component 


crystals was calculated subtracting the 
from the 4H} shown 
this table, the total interaction energies 
increase with the order benzene, naphthalene 
and anthracene while the specific interaction 


energy between the component molecules, em- 
pirical net formation energy, largest for 
the TNB and naphthalene. the latter 
fact, shall discuss later more detail. 

examining the Table worth while 
noticing the following two facts that (i) our values 
heat formation these MC’s determined 
above are different from those for solution and 
that (ii) binding energies solution depend 
solvents used and even their relative order 


4) G, Briegleh and T. Schachowsky, Z. Physik. Chem., 
B19, 255 (1932). 

5) F. D. Rossini, K. S. Pitzer, W. J. Taylor, J. P. 
Ebert and J, F. Kilpatrick, Selected Values of Properties 
of Hydrocarbons (1947). 


TABLE VIII 
HEAT FORMATION CRYSTALLINE AND SOLUTION STATES 


Naphthalen- Anthracene- 
State TNB TNB TNB 


from gaseous molecules 


CCl, Solution* 
Solution 
Ether Solution* 
Benzene Solution* 
see ref. (4) 


70+0. 


0.6 
3.6 

0.99 
0.98 


cal. 

O15 


q 
q 
4 
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magnitude for the naphthalene and anthr- 
acene for different solvents shows different 
trend. Although the latter fact (ii) seems 
little unreasonable first sight, natural 
consider the meaning this binding energy 
more detail. the solution, all the solute mol- 
ecules are not isolated they are the gaseous 
state, but surrounded many solvent moiecules, 
forming kind cluster with their neighbouring 
solvent molecules. Therefore, these energies 
not correspond the genuine binding energies 
MC’s, but the heats reaction the following 
equation, 

where Zu, and are the numbers solvated 
molecules molecule the aromatic hydro- 
carbon, TNB and MC, respectively. Accordingly, 
obtain genuine binding energy MC, all the 
heats solvation the equation must known. 
present, however, impossible find out 
adequate way estimating the heat solva- 
tion for the should contented with 
the prediction that the contribution these 
energies would not ignored. The energies 
solvation for the component molecules can esti- 

mated the following relation, 

sow. -4H™soin. - 4H sub.; 
where and the heats solva- 
tion and solution infinite dilution, 
the heat sublimation, respectively. 
obtained this way are given Table IX. 


5 
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tion the meaning apparent binding energy 
solution state. 

this connection, should like refer 
the mode the interaction between solvent and 
solute molecules infinite dilution. 
purpose, may define the quantity 
which stands for the molecular volume 
the solute crystalline state*. This may called 
the solvation energy density. other words, 
this may useful one the measures the 
deviation from the ideal solution. the last 
column Table can see that these quanti- 
ties for the aromatic hydrocarbons are nearly equal, 
whreas those for nitro compounds are larger than 
those hydrocarbons and increase with the 
number nitro groups. This fact will indicate 
that the interactions between nitrocompounds and 
hydrocarbons should discussed with cautions. 

Finally few remarks may given below 
the nature the specific binding energy which 
appears the formation these 

comparison with the heat formation 


mol., those the present materials are much 
smaller. the former, the energy contribution 
due the enhancement the strength the 
hydrogen bond the formation the molecular 
compound and also the electrostatic force due 
the migration changes suggested Mura- 
kami might play more less important role. 
Judging from the order magnitude the heats 
formation the present MC’s, may con- 


TABLE 


SOLVATION ENERGY DENSITIES 


Benzene 
Anthracene 22. 812 
1.3 
TNB 23. 2.601 
5.38 


density. 


Data for dipheny! and 
are also given for reference. can realize that 
the amount much than 
apparent binding energy between com- 
ponent molecules MC, that only slight 
change the number the solvating molecules, 
which should occur the formation from the 
component molecules, would cause change 


must, therefore, discuss with sufficient precau 


6) () K.L. Wolf et al, Z Physik. Chem., B29, 194 
(1938); A.A, Zilberman and Granovskaya, Chem. Abst., 
35, S867 (1941). (hb) I Nitta, S. Seki and M. Momotani, 
J. Chem. Soc. Japan, 71, 430 (1950). (<) S. Seki and 
K. Suzuki, This Bulletin, 26, 209 (1952). (d) I. Nitta. 
5S. Seki, M. Momotani and K, Sato, J. Chem. Soc. Japan, 
71, 378 (1950). 

7) =Internat‘onal Critical Table. 

®) Heat of vaporization of benzene taken from ref 


(5). 


molecular volume 


AND SOME RELATED DATA OF SOME AROMATIC COMPOUNDS 


11.6 110.6 0.105 
17.0 1.245 143.1 0.119 
13.6 1.165 103 
-21.2 687 126. 168 
4H: kcal./mol. 


clude that the nature the interaction 
MC’s can neither covalent bond nor 
ionic one, but rather seems kind 
quantum-mechanical second 
such the induction the intermolecular charge 
transfer forces. 

ii) Diamagnetic these MC’s indi- 
cate that the constituent molecules have 
paired electron and the normal states these 
molecules are one the singlet states. This 
fact excludes the possibility any type free 
radical with ion pair such and anthra 
cenet, 

* Strictly speaking, we must use the molecular volumes 
for the solutions at infinite dilution, However, they are 
not yet known at present. 


9) R.C. Sahney, S. Le Aggarwal and M. Singh, /. 
Indian. Chem. Soc,, 23, 335 (1946). 
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iii) measured the absorption spect- 
rum the crystalline anthracene-TNB and 
found that the absorption light with electric 
vector perpendicular the molecular plane 
much stronger than that the light with 
parallel vector. the basis this intensity 
ratio, two types assignment for this absorption 
band may possible, i.e. intermolecular charge 
examine the intensity relation closely, however, 
the former seems more 
the order magnitude the absorption due 
the transition ordinarily not strong. 
fact, the absorption due the transition 
most nitrobenzene derivatives has not been 
detected crystalline state because the over- 
lapping with more intense absorption due 
From this point view, the mecha- 
nism intermolecular charge transfer may 
more probable for the explanation the interac- 
tion these 

iv) assume that the origin interaction 
polarizable electrons aromatic hydrocarbons 
caused the strong field dipole moment 
may expect the order the relative strength 
the interaction trinitro- and dinitro 
henzene follows: 

benzene-TNB 
and 
anthracene-DNB>naphthalene-DNB> 
benzene-DNB 


the magnitudes the heats forma- 
tion the MC’s TNB found not 


10) K. Nakamoto, This Bulletin, 2€, 70 (1952). 

11) R.S, Mulliken. J. Phys. Chem. 56, 891 (1952). 

12) K. Nakamoto and K. Suzuki, J. Chem. Phys., 20, 
i971 (1952), 

13) K. Nakamoto, J/. Chem. Soc. Japan, 71, 621 
(1949). 


14) G. Briegleb, 7. Piysik. Chem,. B26, 65 (1934). 
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parallel with the above order and, moreover, 
the latter series can isolate only the 
ingly seems inappropriate explain the 
origin these MC’s only this view least 
the crystalline state. 

For the discussion the relative strength 
interaction from the viewpoint intermolecular 
charge transfer mechanism, data ionization 
potential these hydrocarbons are highly desira- 
ble. Unfortunately, the data for anthracene 
not yet known, will not carry the pre- 
sent discussion further.* 


conclusion the authors wish express their 
sincere thanks Professor Nitta for his kind 
suggestions and encouragement throughout this 
work and Dr. Wayaku the Central Research 
Laboratory Osaka Gas Company for his gift 
pure naphthalene and anthracene and also for 
pertinent data them. Appreciation should 


also expressed Professor McGillavry for 
her kind information the cell dimension the 
Benzene-TNB advance publication and 
Mr. Qnishi for his collaboration the work 


measurement. The expense this research 
was partly defrayed from the funds Taniguchi 
well from the Scientific 
Research Expenditure Grant from the Ministry 
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15) See Landolt-Bérnstein’s Table. 

* Recently, people calculated theoretically the ionization 
potentials of these unsaturated hydrocarbons; benzene, 
9.76 e.v., naphthalene, 8.28 e.v. and anthracene, 7.38 e.v. 
(Trans Faraday Soc., 49 1375 (1952)). If we utilize 
his results, we can find that the order of the strength 
of interaction energies of these MC’s can not be explained 
on the basis of the mechanism of intermolecular charge 
transfer, so far as we take only the ionization potential 
into consideration. We are indebted to Dr. Nagakura for 
his kind information on the reference given above, 
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Theoretical Analysis Polarographic Waves. Reduction 
Metal 


Hiroaki and Yuzo AYABE 


1954) 


(Received December 24, 


rent, taking into account the movement 
the solution caused the expansion 
Theoretical analysis the polarographic the mercury drop with the same accuracy 
current-voltage curves was first attempted Ilkovic’s equation for the limiting diffusion 
Heyrovsky and who as- current. Then, the general expression for 
sumed that the potential the dropping the current-voltage curve will given and 
mercury electrode was given Nernst’s its characteristics discussed being 
equation. Although their divided into three cases, i.e. reversible, 
successful analysing the various types and irreversible. 
reversible waves, was soon shown that 
the numerous waves corresponding the 
electrode 


Theoretical Derivation the Equation for 
the Instantaneous Diffusion Current 


could not analysed the basis Consider the reduction the metallic state 

this inadequency, the theoretical treat- soluble mercury. 

ments the irreversible waves have been According MacGillavry and the 


developed various authors”, who applied 
the absolute reaction rate theory the 
polarographic problems. these 
authors assumed that the diffusion current 
was proportional the difference between 
the concentration the depolarizer the 


concentration distributions the simple 
metal ion (denoted suffix ox) and the 
amalgamated metal (denoted suffix red 
can determined solving the following 
system differential equations. 


diffusion layer. This assumption 
only the case which the concentration 

cannot adapted the present problem. 

equation the instantaneous diffusion cur these equations, the diffusion coeffi- 


rent during the drop age for cient: the concentration; 
along the wave, solving the corresponding distance from the center mercury drop; 
diffusion proble case irst- 
probl for the case first the time elapsed after the growth 
cannot quantitatively applied the drop- 
ping mercury electrode, since they assume drop, which given 
that the diffusion process proceeds (3) 
stationary medium. 


this paper, shall derive genera! 
equation the instantaneous diffusion cur- 


(4) 


density mercury. 

Heyrovsky and D. Ilkovié, Collection Czechoslov. Th li ; ive 
Chem. Communs., 7, 198 (1935). e initial condition is given by 

2) N. Tanaka and R. Tamamushi, This Bulletin, 2 =) ee eae 
L. Marker and T.C. Kwoh, /. Phys. Colloid. Chem., 5 rc To: Coes =0 
1453 (1949); Goto and Tachi, Electrochem. 
M. Kalousek and A. Tockstein, Shornik, 1, 563 (1951). : . * 

ion the bulk the solution. The bound- 
3) T. Kambara and I. Tachi, This Bulletin, 25, 125 

(1952). 5) D. MacGillavry and E. K. Rideal. Rec. trav. chim., 
4) P. Delahay, J. Am. Chem. Soc., 75, 1430 (1953). 56, 19013 (1937). 
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ary condition controlled the current 
i(t) flowing through the surface the drop- 
ping mercury electrode and manifested 
_ OCrea 


(5) 
where the number faradays elect- 
ricity required per mole electrode reaction, 
the faraday and the surface area 
the dropping mercury electrode, which 
given 

order integrate the system the 
differential equations, convenient 
perform substitution the variables 
simplify the calculation. Let 


(6) 
(7) 
Then 


(8) 


Owing the very small values the diffu- 
sion coefficients metal ion and amalga- 
mated metal, the inhomogeneities concen- 
tration occur only the regions 
which are very close the surface the 
dropping mercury electrode, and since 
these regions differs only slightly from 7%, 
follows that very much smaller than 
wi. When have 


Oo} 


(9) 


Substituting the relations expressed 
6), (7), (8) and (9) into (1), (2), (4) and 
leads 


_ 27 a'Dor O° Con (x =()) (1)’ 


= 27 a'Drea PCrea (2)’ 
IV 
with the 


conditions 


following initial and boundary 


0, x<0 f (4) 


Ox 


The above derived differential equations 
and can easily solved using the 
method the Laplace transformation. The 
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solutions (1)’ and (2)’, which fulfil 
the initial and boundary conditons (4)’ and 
(5)’, are shown 


\ 7x Vv Drea 


Therefore, the concentration the amalgam 
formed the surface the mercury drop, 
“designated and the concentration 
the reducible metal ion the layer 
solution the surface the drop, designated 


(10) 


a=¥ V Dew Vy—s 


respectively. 

The current flowing through the electrode 
surface depends the electrode potential 
and the concentrations the metal ion and 
the amalgam the electrode surface. 
According the reaction rate the 
current flowing can expressed 


nF 


nF -q\= ky" for Cone 


nF 


where the activity coefficient; the 
electrode potential, measured with respect 
the normal hydrogen electrode; the 
transfer and are the rate 
constants the reduction process and 
the oxydation process the potential the 
normal hydrogen electrode, respectively. 

Eliminating and from (10), 
(11) and (12) leads Volterra’s integral 
equation the second kind with respect 
the unknown function 

anF 


where 


6) S. Glasstone, 
Theory of Rate Processes, p. 575 


K. J. Laidler and H. Eyring: 
(1941). 


is 
e, 
te On or Vv V 
a 
the 
the 
(3) 
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0 anF 
Dos 


order obtain description our pro- 
blem formulated means dimensionless 
parameters, perform the following sub- 
stitution 


anF 
[i/n F. q Co RT (14) 


(15) 


Then obtain 


we) =1-2)/ 37 dy (16) 


the method successive substitution, 
the solution the integral equation (16) 
can expressed the equation form 
power series, 


(17a) 

where represents Euler’s Gamma function. 

This power series convergent for any value 

but shows very slow convergence 

for the value larger than about 7/3. 

For the large values shown the 

Appendix, the following asymptotic expan- 
sion applicable, 


(17b) 


Therefore, considering the relations ex- 
pressed (13), (14) and (15), obtain 
the general expression showing 
taneous diffusion current for any point along 
the wave, 


anF 


. Ry” rad nF 
L Des 
where the surface area the dropping 
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equation for the instantaneous limiting dif- 
usion current, which can written 


(AV evaluated means Eqs. 
(17a) and (17b) are given for various values 


TABLE 


0.0 000 865 
0.1 106 5.0 890 
0.3 271 6.0 907 
0.5 0.391 8.0 930 
0.6 439 9.0 937 
0.7 0. 481 10 0.943 
0.8 0.518 953 
0.9 
1.0 0.579 16 0. 964 
1.8 0.728 30 0.981 
2.0 0. 750 10 0. 986 
5 0. 770 20 0. 988 
2.4 786 990 
2.8 813 100 0.994 
3.0 824 


Theoretical Derivation the Equation 
for the Curve 
integrating (18) with respect 
from zero the drop time and dividing 
the mean diffusion current given 


x Wp RT nl 


Then, after writing and rearrang- 


ing, obtain 


fF 
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fox/ VD, 


Ad 3 


where represents equation for 
the average value the limiting diffusion 
current and can written 


t 7 3 ied Co. D 2 

(19) 
use the following expression for the 


half-wave potential the case which the 
electrode reaction takes place reversibly, 


ky for/ V Doz 


follows, respectively, 


where 


and 
(22) 


using the rate constant the 
standard potential the electrode reaction, 


Accordingly, shown that the above 
derived equation for can transformed 
into the form, 


this equation, the function defined 


with The values 
calculated performing numerically the 
indicated integration with the aid 
(17a) and (17b) are given Table II. 
comparing the values with the values 
function which are also 
given Table II, seen that the func- 
tion can be, with sufficient accuracy, 
written 
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TABLE 
COMPARISON THE VALUES FUNCTION 
WITH THE VALUES FUNCTION 
+1 4 


FOR VARIOUS VALUES 


000 000 
142 
202 
254 
301 
342 
379 
412 
442 
470 
765 100 991 
000 


Therefore Eq. (23) becomes 


This the general equation the current- 
voltage curve for the reduction the simple 
metal ion. easily shown from (25) 
that approaches the limiting diffusion 
current the electrode potential becomes 
sufficiently negative. 

the following, discuss the charac- 
teristics the polarographic waves, upon 
dividing into three cases, viz., reversible, 
irreversible and corres- 
ponding the magnitude the parameter 
(or 


Reversible Waves 


Consider the case which the value 
Ais larger than Then, since 
can easily shown that 


for any value Eq. (25) can trans- 
formed into the following form, 


19 0 4 

(21) 
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or 


(26) 


This the well-known equation for the 
reversible waves. Consequently, the condi- 
tion under which the reversible waves are 
observed, can written 

Assuming that 
cm?/sec., T=3 sec. and the above 
condition becomes 


(27) 


Irreversible Waves 


about per cent the limiting diffusion 
current the range 

C>-4.6, 
and the appreciable values are observed 
only for the values for which the 
condition 
satisfied. Then, since found that 
for 
Eq. (25) becomes 


. 
(28) 


solving the equation derived above with 
respect will found that 


Since (28) (28)’ can obtained 
ignoring the effect the reverse process 
process), the waves for such cases 
may called irreversible. Thus the 
condition under which the irreversible waves 
appear, can written 


or 


(cm./sec.) (29) 
Dos Dyea = 10 


assuming that 
T=3 sec. and 


Eq. (28)’ the equation the current- 
voltage curves for the irreversible waves. 
comes from (28)’, the plot 
versus must linear, and the 
inclination this line found 2.2 
RT/anF (=57/an mV. 
quently, this plot carried out and the 
tangent this line determined, the value 

From Eq. (28)’ the half-wave potential 
can obtained 


for 2.3 | 


(30) 


Therefore, introducing the values 
for, and into (30), the rate constant 
can calculated from the observed value 
(30) shows that the half-wave 
potential the irreversible wave varies with 
the drop time follows: 


small, i.e. 14.1/an mV. 25°C, the drop 
time varies from sec. sec. 

the following, will determine the 
inflection point the current-voltage 
curve (i.e. the potential corresponding 
the maximum value the corresponding 
derivative curve). deriving the second 
derivative Eq. (28) with respect and 
putting this derivative equal zero, 
can calculated 


(32) 


the inflection point identical with the 
half-wave potential. Furthermore, the maxi- 
mum value the derivative curve can 
shown 


calculating the first derivative Eq. 


Waves 


According the polarographic 
waves for the case 
cm./sec.) may called 
order distinguish them from reversible 
and irreversible waves. such cases, the 
equation for the current-voltage curve can 
not reduced simple form well 
the reversible and irreversible cases. 
order analyse the characteristics the 
wave, must therefore 
use (25) which complicated function 
containing the unknown parameters and 
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the current-voltage curves have been 
numerically calculated the aid 
The results are shown Fig. 


my 


Current-voltage curves for vari- 
ous values and Currents are 
per cent the limiting diffusion 
current 

curve: 


illustrated Fig. the wave shifts towards 
more negative potentials with regard the 
corresponding reversible wave, decreases. 
Furthermore found that the value 
has remarkable effect the wave form. 

From Eg. (25) easily shown that the 
half-wave potentials the 


03 


Fig. Variations with 


the values logA. Number each 
curve the value Dotted lines 
are the ones given Eq. (30). 


sible waves can numerically calculated 
the following equation, 


=2.3 log 


versus log diagram illu- 


strated Fig. 


Polarographic Waves Organic 
Substances 


Consider the waves due the reductions 
organic substances and suppose that the 
reactions which take place the electrode 
surface, are shown 


(34) 


th 


rapid process 


Then, the equations derived above are all 
applicable this case, using the following 


expressions for and place the 
above defined ones, 


where the equilibrium constant the 
reaction (35); the concentration the 
hydrogen ion the solution, which as- 
sumed well buffered. 

the present case, must noticed 
that the classification into three cases, viz., 
reversible, irreversible and 
sible, depends the solution, since 
the value varies with pH. must 
also kept mind that the half-wave potential 
varies linearly with the reversible case 
but independent the irreversible 
case. 


Summary 


the present paper, the general equation 
the instantaneous diffusion current has 
been derived. taking into account the 
expansion the mercury drop with the same 
accuracy Ilkovic’s equation. Then, the 
general expression the current-voltage 
curve for the reduction simple metal ion 
has been given and its characteristics dis- 
cussed upon being divided into three cases, 
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i.e. reversible, irreversible and quasi 
sible. Reversible waves are given elect- 
rode processes for which the value 
larger than cm./sec., and the 
other hand, irreversible waves are observed 
when the value smaller than 
cm./sec. the irreversible case, has been 
shown that the rate constant and the 
transfer coefficient can calculated from 
the observed values the half-wave potential 
and the tangent log-plot, respectively. 

last, the equation the current-voltage 
curve due the reduction organic sub- 
stance has been derived. 

ported theoretical treatment the instan- 
taneous and mean diffusion current for any 
point along the wave, which the present 
diffusion problem was solved other 
method. The present work has been inde- 
pendently carried out. 


Appendix 


multiply both sides Eq. (16) 


and integrate from zero with 


7) J. Koutecky: Chem. Listry. 47, 323 (1953); Col 
lection Czechosloyv. Chem. Communs., 18, 597 (1952). 
These papers of I. Koutecky have been here cited at the 
suggestion of the editor. 
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differentiating both sides the above derived 
ranging, 


the method successive substitution, 
found that the solution the above derived 
integro-differential equation can expressed 
the following asymptotic expansion, 


The present authors wish express their 


thanks Dr. Kambara who has kindly 
read the manuscript this paper and given 
them helpful advise. The authors’ thanks 
are also due Dr. Kotera for his interest 
this research. 
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Ortho localisation Energies for Methyl benzanthracenes 


Takeshi NAKAJIMA 
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Introduciion 


Various theories have been advanced with 


view examining the hypothesis proposed 


that the carcinogenic activity 
the polycyclic hydrocarbons due the 
high z-electron density the so-called 
region (the 3-4 bond, for example, 
benzanthracene (B.A.) Fig. 1). addi- 
tion the electron densities, mobile-bond 
orders and net free valence 
regard especially the 3-4 bonds several 
methyl-benzanthracenes (M.B.A.) have been 
calculated rather the rough approxima- 


1) A. Pullman, Ann. Chim, 2, 5 (1947). 


Fig. 1:2-Benzanthracene. 


tions Pullman and and 
and Recently, based the per- 


2) A. Pulieus and B. Pullman, Bull. Soc. Chim. Biol., 


XN XXII, 343 (1949). 
3) P. Daudel and R. Daudel, /. Chem. Phys., 16, 639 
(1950), 


iT 
9 


ved 
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turbation method, has made the 
more rigorous calculations these quantities. 
All these quantities the criteria the 
reactivity conjugated bond are concerned 
with the z-electron configuration the non- 
reacting ground state. 

The other method approach for the 
discussion bond reactivity the localisa- 
tion (polarisation) method due originally 
and extended Accord- 
ing this method reactivity conjugated 
bond correlated with the ortho (bond) 
localisation energy (O.L.E.), defined the 
energy required convert the conjugated 
bond question into double bond. Recently, 
Pullman, Pullman, and have calcu- 
lated O.L.E. for the 3-4 bonds several 
M.B.A. and reached the conclusion that the 
reaction homolytic nature should occur 
the 3-4 bond contradiction the conclusion 
put forward Greenwood that the reaction 
should heterolytic nature. virtue 
the rough approximation made Pullman 
and their treatment, however, 
seems desirable carry out independent 
calculation O.L.E. for M.B.A. 


Method Calculation 


Let that the reare two conju- 
gated systems and initially separate, 
and then joined bond between atoms 
RS. The delocalisation energy across 
the connecting bond may defined 
the difference between the z-electronic energy 
the complete system and the sum 
the energies the systems 
and taken separately. then 


(1) 


the other hand, employing the variation 
method for the orbital interactions between 
orbitals and their energies and 


occu Un 


(2) 


4) H. H. Greenwood, Brit. /. Cancer, 5, 441 (1951), 

5) G. M. Wheland, J. Am. Chem. Soc., 64, 900 (1942). 

6) R. D. Brown, J. Chem. Soc:, 1950, 3249 and 195}, 
1950, 1955. 

7) A. Pullman, B, Pullman, and G. Berthier, Compt. 
rend,, 236, 2067 (1953). 

8) B. Pullman, persona! communication; ‘‘ Dewar's 
method (J. Am. Chem. Soc., 74, 3357 (1952)) used in 
our treatment is erroneous when applied to the calcula- 
tion of the effect of substituents on O.L.E.” 

9) T. Nakajima, Sci. Rep. Tohoku Univ., Ser. I. in 
press, 
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where denotes the energy the /th 
Ci, the coefficient the atomic orbital 
resonance integral r-s bond units. 
Thus, the MO’s and their energies 
and are known, can calculate 
without the tedious procedure due the 
method for RS. 

discussing the effect substituent 
O.L.E., consider that denotes parent 
molecule, substituent, and parent 
residual molecule for the transition state 
which the requisite number electrons ap- 
propriate given type reaction are 
assumed localised both the ends 
the bond question. expression 
similar Eq. (1) may written for the 
energy the substituted residual 
molecule, that can immediately derive, 


O.L.E. 
(3) 
where e(=) the energy the ethylenic 
double bond. are concerned only with 
the effect substituent with the position 
substitution O.L.E.o given molecule, 
convenient have expression for 


-the change O.L.E. caused the 


substitution the atom. This expression 


With substituent such methyl, besides 
the above considered effect due 
sation, the effect due induction should 
taken into account. Induction causes change 
the coulomb term for atom which 
the substituent attached. Then, the effect 
due induction O.L.E. treated the 
perturbation method follows: 


due induction 


= (qr’— — (4) 
where and denote the electron density 
and self-polarisability the atom respec- 
tively and refers the residual molecule. 

calculating O.L.E. for the 3-4 bonds 
several M.B.A., consider that represents the 
parent molecule, B.A., the parent residual 
molecule, (P.N.), and 
the methyl substituent. The MO’s and their 
energies and are calculated the 
standard LCAO method with overlap 
omitted. The additional parameters related 
the methyl substituent are taken according 
Pullman and follows: 


10) B. Pullman and A. Pullman, “Les Theories Elec- 
troniques de la Chimie Organique", 1952, p. 410. 
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Result and Discussion 


Table are given the delocalisation 
energies 4e, produced methylations 
each the ten possible positions B.A. 
containing z-electrons and P.N. con- 
taining Table lists also 


TABLE 
DELOCALISATION ENERGIES AND SELF- 
POLARISABILITIES FOR B.A. AND P.N. 


B.A. 
(in units) (in units) 

0.15111 0.410 0.405 


the self-polarisabilities B.A. and P.N. 
has been shown the present 
that the delocalisation energy per connect- 
ing bond between given molecule and 
given substituent correlated linearly with 
the substituted atom the molecule. 
will seen that there exists fairly good 
correlation this kind between and 
Table 

are calculated taking account 
merely the delocalisation effect from 
(3). The contribution due the inductive 
effect ignored because Eq. (4) the first 
term vanishes the electron density unity 
every position B.A. and P.N. and the ac- 
tual values the second term are very small. 
thus calculated are compared with 
Table The linear correlations 


TABLE 
HOMOLYTIC 
SELF-POLARISABILITIES AND 
RELATIVE CHANGES BOND ORDER 


40.L.E.+ (try’-Trr) X B 
(in units) 

0. 00000 0. 000 0. 0000 
-0. 00013 0002 
00081 0.015 -0. 0021 
-0.00140 0.014 0050 
00468 0.043 —0. 0092 
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seen between Je, and Table and 
between and Table lead 
the conclusion that discussing the 
effect the substituent, the delocalisation 
effect may replaced effectively 
virtual inductive effect the suitable choice 
this case, only the second term effective. 

Brown® has shown that possible 
correlate bond order with O.L.E., suggesting 
that bond order also should useful index 
mobile order the 3-4 bond B.A. 
caused methylations have been calculated 
and are arranged also 
Table II. Considering that Greenwood’s cal- 
culations have been made taking account 
merely the inductive effect the second 
order perturbation method, remarkable 
that there exists close parallelism between 
parallelism further evidence the above 
deduction that the delocalisation effect 
replaced effectively virtual inductive 
effect. 

clear that cannot correlate decrease 
O.L.E. the 3-4 bond M.B.A. with the 
experimentally determined increase the 
since increase reactivity consequent 
upon methylation fact accompanied 
increase O.L.E. (except the methylation 
3’-position). has been established 
that O.L.E. provides very satisfac- 
tory interpretation the relative reactivities 
conjugated bonds toward bond reagents 
such ‘for system alternant 
hydrocarbons. have seen, the case 
substituted hydrocarbons, however, this 
correlation longer holds. Agreeing 
Greenwood’s suggestion deduced 
decrease this suggests that although 
for alternant hydrocarbons OsO, may react 
largely homolytic mechanism, the reac- 
tions for substituted hydrocarbons may 
not homolytic but heterolytic nature. 

this point must distinguish two 
types bond localisation the case atom 
localisation. the homolytic and heterolytic 
(electrophilic nucleophilic) atom localisa- 
tions, and z-electrons respectively 
are assumed localised the site 
reaction. analogy with this assume 
that the homolytic and heterolytic bond 
tively are localised the reaction sites 


the bond question. Thus, O.L.E. far 
considered that for the homolytic type 
bond localisation. 


11) G. M, Badger, J. Chem. Soc,, 1950, 456, 
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Next the heterolytic (electrophilic) O.L.E. 
for several M.B.A. will calculated. For 
the calculation heterolytic O.L.E. the 
inductive effect contributes much because 
the electron density every atom the 
parent residual molecule which, this case, 
P.N. with two lost not 
necessarily unity. The contribution due 
induction calculated (4) which, 
this case, the first term effective and 
the second term ignored. Then, for the 
heterolytic (electrophilic) bond localisation 
Eq. (4) may rewritten follows: 


due induction 


where denotes the electron density the 
frontier orbital (the highest occupied orbital) 

From the results given Table III 
can notice the following points. (1) There 


TABLE III 
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remarkable compared with those homolytic 
O.L.E. 

Table III lists also the relative carcinogenic 
powers may seen that 
there exists satisfactory correlation be- 
tween heterolytic O.L.E. and the activity 
especially with regard M.B.A. substituted 
the angular ring and the 9-position. 
this respect, should remembered that 
the especially high electron densities for 2’- 
and 4’-M.B.A. which are inactive and the 
relatively low density for 9-M.B.A. which 
highly active have provided the results 
direct contradiction the attempt cor- 
relate the electron density the 3-4 bond 
M.B.A. with the 


Summary 


(1) The effects the methyl substituent 
O.L.E. for the bond B.A. have been 
calculated. The effect may discussed 


HETEROLYTIC RATE CONSTANTS ADDITION AND CARCINOGENIC 
ACTIVITIES 


(in units) 


~ 


due delocalisation due induction 


0.03137 
0.02089 0.02559 
0.01611 
0.01248 0.01104 
00788 
0.00048 00088 
00000 


00088 


exists close parallelism between the hetero- 
lytic JO.L.E., due delocalisation and induc- 
tion, that the resultant sum closely 
correlated with This suggests that 
heterolytic 40.L.E., may calculated effec- 
tively taking account merely the virtual 
induction the suitable choice the value 
Eq. (5). (2) Except with regard 
the both the delocalisation and 
inductive effect decrease heterolytic 
for details, the former lowers relatively the 
energy the transition state and the latter 
raises that the ground state. (3) can 
correlate the decrease heterolytic O.L.E. 
with the experimentally determined increase 
the rates addition OsO, the 3-4 
bond though the experimental data are not 
sufficient. (4) The changes heterolytic 
O.L.E. with the position substitution are 


12) K. Fukui, T. Yonezawa, and H. Shingu, J. Chem. 
Phys., 20, 722 (1952). 


carcinogenic 
activity 

total 
0.08470 0.96 
04753 
04648 0.91 +++ 
03300 
02352 
0.01568 
0.00000 

00288 


the perturbation method taking account 
the virtual inductive effect through the suit- 
able choice the value the substi- 
tuted position. 

(2) The homolytic and heterolytic O.L.E. 
were defined. The former predicts the bond 
reactivity only for system alternant 
hydrocarbons. With substituted hydrocar- 
bons the latter should used criterion 
bond reactivity. 

(3) The heterolytic O.L.E. for the 3-4 
bonds several M.B.A. have been succes- 
sfully correlated with the experimental evi- 
dences rates addition OsO, and the 
carcinogenic activities. 

(4) The method calculation the effect 
the methyl substituent O.L.E. used 
the present note may applicable, with 
due caution, other substituents general. 


13) G. M. Badger, Brit. J. Cancer., 2, 309 (1949). 
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conclusion, the author grateful 
Prof. Azumi for his continued interest 
this problem. The thanks are also 
due Prof. Pullman the Institut 
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Radium, Paris for his helpful criticism and 
kind encouragement. 
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There are several procedures 
for the separation RaD, RaE and 
coprecipitation with suitable carrier, 
electrochemical separations, extractions 
some complex compounds formed with organic 
formation. Recently Polonium has been ex- 
separated from ThB the use radio- 
colloid These elements can also 
separated from each other means 
paper partition anion 
exchange resins are reported 
effective for the separations Zr, Hf, Nb, 
and Pa", rare transition 
the author studied the 
carrier-free separation RaD, RaE and RaF 
using anion exchangers. was found, 
the acid solutions suitable 
concentrations, that remarkable differences 
the degree adsorption these elements 
for the resin could successfully utilized 
for the ion exchange separation. 

These ions adsorbed the top the 
column Amberlite XE-98 (IR-411), lower 
cross-linked strongly basic type resin, can 
chloric acid for RaD, conc. hydrochloric acid 
for RaE and finaliy dil. nitric acid per- 
chloric acid for RaF, 
active assay proved the radioactive purity 
each fraction nearly 99.9%. 

Sakaguchi, J. Chem. Soc. Japan, 
Pure Chem. Sect., 71, 327 (1950). 

2) M. Ishibashi, Y. Kusaka and M. Oyabu, presented 
at Annual Meeting of the Chemical Society of Japan 
(Kyoto, April, 1953). 

3) W. J. Friersin and J. W. Jones, Anal. Chem,, 23, 
1447 (1951), E. E. Dickes, J. Chem. Education, 30, 525 
ow A. Kraus and G. E, Moore, J. Am. Chem. Soc., 
73, 2900 (1951). 

5) E. H. Huffman and R. L. Osawit, J. Am. Chem, Soc., 
72, 3323 (1950). 

6) K. A, Kraus and G. E, Moore, J. Am. Chem. Soc., 
75, 1460 (1952). 


7) K. A. Kraus, F. Nelson and G. H. Smith, J. Phys. 
Chem., 5S, 11 (1954). 


Experimental 


Preparation The Stock Solution the 
Mixture RaD, RaE and RaF.—The mixture 
carrier-free RaD, RaE and RaF was extracted 
digestion with aqua regia from radon tube 
which had been used over these two years. From 
the extracted solution, stock solution the 
mixture nitric acid (14N) was prepared 
repeated evaporations and additions nitric 
acid. 

Radioactive Measurement.—Radioactive meas- 
urement with Geiger-Muller 
counter and electroscope. The 
Geiger-Muller tube used was end-window type, 
with thin mica window 1.8 mg/cm? thickness. 

Preparation samples for radioactive assay 
The radioactive substances were collected with 
ferric hydroxide. One ml. mole/1 ferric nitrate 
solution was added the radioactive solution, 
and ferric hydroxide precipitate, produced the 
addition dil. ammonium hydroxide solution, 
was filtered through Gooch crucible and was 
collected disk filter paper. The preci- 
pitate was dried using infrared lamp and was 
used for assays. Ferric hydroxide was found 
suitable carrier for the collections RaE 
and but not fitted for RaD. One the 
experiments showed that about 20% RaD was 
retained the solution without being carried 
down. But, since the procedure preparing the 
samples simple and time-saving this hydroxide 
was usually used carrier for RaD whenever 
complete recovery was not necessary. Lead 
sulphide, necessary, was used instead ferric 
hydroxide. 

The differences disintegration properties 
RaD, RaE and favoured the identification 
each 

Preliminary Experiments.—In order find 
good condition for the separation, the elution 
the individual ion was investigated, using 

* The radioactive properties of these species have 

been sammarized as follows by G. T. Seaborg et al. 


(1953): 
Symbol Element Half-life Type of disintegration 
(Mev) 
RaD Pb 22 years 8 (0.018) -y (0.047) 
RaF Bi 5.0 days B (1.17) 
RaF Po i40 days @ (5.3) y (.077) 


j 
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hydrochloric acid solutions various concentra- 
tions. The columns used were Amberlite XE- 
and were preliminarily conditioned with 3NHCI. 
One drop the stock solution was taken 
sample. The radioactive ions the effluents 
vith ferric hydroxide and their activities were 
measured. While the isolated RaD expected 
activity RaE has decrease because its 
RaD and are easily identified 
duplicate measurements their within 
interval few days. was identified 
means Lauritsen electroscope because its 
property. The data the elution 
xperiments with 3N, and HCl are 
illustrated Fig. (No. 1-No. Since RaF 


Cm/ec (3 
10¢ 8N HNO, GIV/m/ce 
$4 
+ 


3N ne. 


after eluted out 
few days 
---- with electroscope 


Fig. 


not detected the effluents the hydrochloric 
acid solution, Experiment No. was 
used elute it. The considerable differences 
the rate elution these ions indicate the 
desired separation being possible. Thus, 
Experiment No. fractional elution these ions 
were performed, i.e., RaD was eluted out with 
RaE with conc. HCl and then RaF with 
Perchloric acid was used because 
its slight tendency form complex anion. 
The experimental results were parallel with this 
anticipation. 

Separation for the Samples Stronger 
experiments with samples 
stronger activities were iried and each fraction 
efluent was check the extent the separa- 
tion. sample, one drop was taken out 
the hydrochloric acid solution which had been 
evaporating the solution, 
digesting with conc. HCl. The 
activity sample was about The 
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columns used were Amberlite XE-98 (65-120 
mesh), diameter size, and preli- 
minarily condititioned with Solutions 
conc. HCl and HNO; (1:1) were used 
the eluent for RaD, RaE and RaF, respectively. 
From the effluent, successive drops were taken 
suitable intervals small glass pan 
disk filter paper and after being dried, their 
activity was determined obtain the elution 
curve. The resulting elution curve shown 
Fig. From each fraction effluents I’, 


F —*— soon after eluted out 
HC) cone. HC) (1:1) — 
" 
19 Mee 


Fig. Elution Curve. 
Activities each fraction were following: 
fraction 


activity 


out 


Il’ and III, shown Fig. the radioactive 
ions were carried down with ferric hydroxide 
precipitates and their activities were measured. 
the cases fraction and aliquots 1/10 
and 1/15 the originals, respectively, were used 
because their stronger activities. 


Examination the Extent Separation 


Elution the elution curve 
illustrated Fig. the separation considered 
satisfactory. Absence activity fraction 
and II’ shows that the fractional elution was 
performed successfully. While might neces- 
sary prevent the tailing RaF, the quantity 
RaF contained the tailing fraction III 
appears negligible when examined with some 
larger amounts effluent. 

Detection RaE Contaminating RaD 
Fraction.—The activity fraction increased 
shown Fig. due the growth the 
element, RaE. this respect, the observed growth 
curve agrees with the theoretical one RaE. 
Moreover, the observed activity 
RaE grown after one handred minutes from the 
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TABLE 
RaD CONTAMINATING 
FRACTION 


DETECTION 


fr. 


fr. 
instant the elution RaD’s peak, good HCl fr.*** 
agreement with the calculated value, 


existing radioactive equilibrium with RaD 
before the separation. was obtained from the 


activity 


measurement after days taking into account after day after days 
decay. From the results mentioned sample 
elution, RaD is, great extent, free from RaE 
which coexisted before the separation. 


Detection RaD Contaminating RaE 
Fraction.—A. Decay RaE Fraction’s Activity: 
The decay curve RaE fraction which was 
collected using ferric hydroxide indicated 
Fig. Within the range error 


500 
When the absorber (3.3 mg/cm? cellophane) 
used, the activities are following: 
fraction was measured with G.M. counter. 
shown Fig. activities did not show any 
decrease for days. The RaF radiations 
completely cut off when cellophane shect 
the activity may supposed decrease ac- 
cordance with the half-life (5.0 days) Rak. 
The sample was covered with thin sheet Detection RaF Eluted RaD and RaE 
the window G.M. tube. the a-rays from sence small amount RaF the presence 
RaF were cut off and the activity RaF resulting RaD and sample RaF 
from RaE does not interfere with this deter- preliminary fractional elution and was 
mination. tested with respect the absence RaD and 
(2NHCI) were passed through column and then 
collected with ferric hydroxide the above fractionation was performed with 2NCHI 
was repeated and the activity the RaD fraction 
was measured. The produres and results are 
shown Table may said that contami- fraction RaE RaF 
nants RaE separated above are the order div./min. 104 
less than was found that about 0.1% RaF leaked anc 
Detection RaD and RaE Contaminating contaminated both the fractions RaD and 
RaF Fraction.—The radioactivity ferric hy- Ash the Exchanger after the Experi- 


droxide precipitated from the aliquot RaF ment.—The exchange resins were burnt 


434 
4! 
growth 


the Rate the Sluggish Inversion Silica Stone-Kinetics 135 


change resin and the other two species were 


eluted out quantitatively. 


Summary 


RaD, RaE and RaF may satisfactorily se- 
parated from each other means anion 
exchanger, Amberlite XE-98. Carriers are not 
necessary. use anion exchanger and 
strong acidities eluents helps prevent the 
formation radiocolloids. separation tech- 
nique seems highly suitable for the pre- 
paration carrier-free RaE and RaF tracer. 
efficient separation and easy manipulate. 

The author gratefully acknowledges the helpfu! 
discussions and continual encouragement given 
him Prof. Okuno and Dr. Honda. 
also expresses heartfelt thanks Dr. Saito 
for presenting the randon tube used this 
experiment. 
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and examined after the fractional elution experi- 
ment order investigate whether 
active components had been 
moved not. The results given Table 
indicate that 0.8% RaF remained the ex- 
TABLE 
PERIMENT 
sample 
and RaE exchanger 
activity 
¢m!? 
22% 
Each sample was prepared with carrier 
ferric hydroxide (Fe (III) 0.4m. eq.) 
(Received March 
Introduction 
Quite few qualitative investigations have 
been reported the sluggish inversion 
silica stone. However, only few publications 
the rate have appeared. 
Mellor and have studied the 
speed conversion quartz into cristobalite 
making successive burns china 
biscuit kiln cone 10, and measuring the 
density the product after each burn. The 
authors proposed the following experimental 
formula, 
na mn (1) 
where the fraction which remains un- 
on 
constant. 
Nakai and had determined pre- 
cisely the density the Merk’s silica stone 
powder after firing several hours elect- 


ric furnace. result, they proposed the 
following experimental formula, 


In this report, the word “conversion” means the 
ne sluggish inversion of @-quartz to @-cristobalite. 

1) J. W. Mellor and A. J. Campbell, Trans. Engl. 
Ceram. Soc., 15, 77 (1915). 
rie 2) T. Nakai and Y. Fukami, /. Sor, 


e< pan, 38, Supple. binding, 340 (1935). 


Chem. Ind., Ja- 


1955) 


This 
formula, however, not good agreement 
with the experimental data. 


where the time required for firing. 


Avgustinik and determined 
the rate conversion into met- 
astable 1200°, 1400 
and through pycnometric deter- 
minations the density after 0.5, and 
hrs. heating the given temperatures. 
the Jander rate equation, and application 
the Arrhenius’ equation, linearity between 
fulfilled only for the bimolecular reac- 
tion. Thereby the following experimental 
formula was proposed. 

where the diameter the grain, and 
and are constants. 

measured the linear expansion 
silica stone rod heating uniform 
3) A. Il. Avgustinik and O. K. Kurdevanidge, J. Appi. 

Chem, (U.S.S.R.), 19, 1189 (1946). 


4) K. Segawa, Tech, Rep. Yawata fron Works, 26, 1 
(1951). i 
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rate temperature rise. Assuming that the According the results Mellor and 
reaction the primary nature, showed Campbell, Nakai and Fukami, and Segawa, 
the linearity between logk and the conversion 
TABLE 
SILICA STONE SAMPLES 
Type occurence Locality Size single crystals 
Chert Tamba, mm-submicroscopic, 
Vein quartz with chert Youra, 2.5 mm-submicroscopic 
Vein quartz Tamba, 1.0-0.05 mm, mostly 0.5 
Pegmatite quartz Fukushima. 
Rock crystal Yamanashi, Single crystal 
TABLE have the nature primary reaction. the 
CHEMICAL ANALYSIS SILICA STONES contrary, Avgustinik and Kurdevanidge claim- 
SiO, 94.12 97.23 99.13 99.72 clarify the contrariety between these 
MgO 0.66 0.24 0.03 0.28 
Ig. loss 0.77 origins were adopted samples (Table And 
Total 99.80 99.79 99.99 99.98 100.08 99.96 experimental results were shown Table III 
TABLE III 
(1) (2) (3) (4) (7) (8) (9) 
firing (keal.) 


ad 


\ugust, the Rate the Sluggish Inversion Silica Stone 
(1) (2) (3) (4) (8) (9) 
Appar- Energy 
Silica Firing Hours ent Rete Half Frequen- 
2.609 0.0159 44 205 6. 03 « 1028 
498 0.171 
320 
2.324 
press. co 1350 2 0. 489 
1600 


The sample stones (1) were fired the given than 0.01. The amount the residual quartz 
(2) during given hours The after firing was calculated from, 
fluctuation the furnace 
Platinum boat was used when the stone 100 
was fired air steam. When the stone 
was fired the reducing atmosphere, samples 
were enclosed carbon capsule, fired 

the furnace tube which was packed with carbon 

granules. The density the fired samples was 

The error density determinations 

was 0.002 (0.1%). The difference between the 

apparent density and the true density was less 


-» x 108 


Fig. chert fired air 


Chert fired air (Sample B). (Sample C). 


A 
i 
i 
5 oe 70 


where the density when quartz con- 
verted (corrected related later), 

density when all quartz converted, and 
the density any time firing. shown 


' 
| 59 3 
(Sample F). 
coefficient (9) were calculated only from the rate 
constants the primary reaction 


Discussion 


tween vein quartz (Sample and recrystal- 
lized chert (Sample C). Vein quartz includes 
far less impurities, and its crystals are devel- 


oped such extent about one hund- 
red times larger diameter than those 
recrystallized chert. Therefore, though in- 
tuitively the rate constant vein quartz 
may seem smaller than that the recryst- 
allized chert, the experimental indicate 

that the former about three fold the 

latter. Therefore, vein quartz proved 

its extremely high rate conversion not 


air (Sample D). 
withstanding its chemically high purity. 

The rate the chemical reaction sili 
cates affected reducing 


The conversion rate silica stone was 
| 
| tel 
| * 
Fig. Vein quartz fired air (Sample 
E). > 104 
logk and 1/T satisfied for the primary Fig. Chart fired reducing atmos- 
reaction for all sorts silica stone. Differential phere (Sample B). 
rate equations the higher order, namely those 
the third and 4th order etc., were calculated, Thomas, 36, (1912). 
Dt a large leviati f the straight line was 6} S. Kondo, J. Japan Cer. Ass., 29, 367 (1918). 
found occur. the half life time 24, 86, (1924-5). 
(7), the energy activation (8) and the frequency Badger, Am. Cer. 16, 107 (1933). 
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determined reducing atomospher also. 
Linearity between log and 1/T existed only 
for the primary reaction (Fig. 6). The rate 
was compared with that air (Fig. 7.). 


Fig. Rate conversion chert 
reducing firing compared with that 
oxidizing firing (Sample B). 


reducing atmosphere, the rate constant had 
always higher value than that air (oxidiz- 
ing). The difference decreased 
temperature rises, and about 1730°C, 
diminishes zero. 

The reaction rate silicates considerably 


Fig. Comparison conversion rate 
silica stone steam with that air 
(Sample 
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accelerated the presence water 
was attempted find the rate constant 
the conversion silica stone water vapor. 
Linearity between logk and 1/T satisfied 
also for the primary reaction the presence 
water vapor one atmospheric pressure. 
The rate the conversion water vapor 
one atmospheric pressure was compared 
with that air which contains water vapor 
about ten (Fig. 8). steam, the 
rate constant had higher value than that 
air. The difference decreased the tem- 
perature rises, and about 1600°C, dimin- 
ishes zero. 

From the density determinations Nakai 
and the rate constants were 
calculated using primary (k,) secondary 
rate equation, whereby the uniformity 
the rate constants could obtained only 
when the primary rate equation was adopted 
(Table rate constant was 


TABLE 
FIRING CONSTANT TEMPERATURE 
(1400°C 10) 


648 
183 0038 
0067 


0) 


to te be 


368 . 0066 
354 > . OO64 
340 


fo bt 


also calculated using his well-known equation, 
(5) 
and tabulated Table IV. The deviation 
was large the early stage the 
reaction. According his diffusion theory, 
closer agreement between his equation and 
experimental results expected the 
earlier period the reaction. the con- 
trary, however, greater deviations have ap- 
peared earlier period the reaction. 
This proves that his theory not applicable 
the conversion silica stone. 

Grain grain size the 
reaction rate must considered when solid 
reaction treated. The writer obtained the 
following results. sample, the author 
used grains vein quartz washed con- 
centrated hydrochloric acid and water repeat- 
4) R. howski, Phase Transformations in Sol- 


ids", John Willy & Sons, Inc., New York, “1951, p264. 


267, 276. 
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edly. Coarse grains were mixed with fine 
grains the same quantity, put plati- 
num boat, and the mixture was fired twice 
the furnace. After cooling down, the 
grains were separated from each other, and 


densities were determined (Table V). For 


TABLE 
INFLUENCE GRAIN SIZE THE RATE 
THE CONVERSION 


Coarse Fine Grains 


Diameter (mm.) 9-7 1-0. 

Apparent density 640 
(unfired) 

Apparent 608 608 
(fired once) 

Apparent density 


(fired twice) 


particles diameter between and 
decrease density was equal within the 
experimental error; accordingly, the rate 
conversion uniform. Particles these 
sizes were used all through our experiments. 
Jander’s 

(6) 


the conversion 


not 


was 
silica stone. 

For the rate the conversion 
stone (polycrystal aggregates), the following 
five factors are significant. 

Area the macroscopic surface 


silica 


grains. 

Distribution imperfections cry- 
stals. 

Degree solid solution. 

Liquid and gaseous inclusions. 
Area and condition boundary sur- 
face between single crystals. 

When the factor the rate-deter- 
mining step, Jander’s relation (5) applicable. 
For exampie, when fine powder very pure, 
perfect, single crystals used sample, 
when very effective liquid mineralizer 
used, this perhaps true. 

(B) When the factors 2., 3., and were 
the rate-determining steps, the rate con- 
version would have nothing with grain 


size. 

(C) 
mining one, 

(C,) the grain polycrystalline, the rate 
conversion follows (B), 

the grain single crystal, the 


W. Jander, Z. enorg. 


When the factor the rate-deter- 


10) 1 (1927). 


allg. Chem., 163, 
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rate conversion follows (A). 

Silica stones raw materials for fire bricks. 
the writer supposes, belong group 
(C,). 

Irreversible Expansion Aggregates. 
Silica stone aggregate made ani- 
sotropic quartz crystals. Therefore, correc- 
tion must made the irreversible thermal 
expansion when wish 
determine the quantity residual quartz 
the apparent density determinations. 
shown Fig. above 800°C, the value 


1190+ 
S 
| | 
0 200 100 5m) 90 
Fig. The thermal variation the 


axial ratio quartz after 
axial ratio kept almost constant. 
the other hand, hardly possible for the 
sluggish inversion silica stone without 
mineralizer proceed below 1100°C. There- 
fore, when fired within the temperature in- 
terval they show the diminu- 
tion density (4d), spite the fact that 
sluggish inversion occurred. 

Now was determined experimentally, 
and was found that silica stone 
shows about the same degree density 
diminution when fired the 
temperature interval mentioned above, re- 
gardless its mode occurrence and origin. 
Assuming that the orientation each 
completely random, this density diminution 
calculated 0.75% from the 
the axial ratio. Therefore, experimenta! 
data and calculated value are good agree- 
ment. From this 4d, was calculated 
the following formula, 

which, the density the unfired 


‘ 


sample. 


11) J. B. Austin. J. Am. Cer. Soc., 35, 243 (1952). 
12) R. B. Sosman, “ The Properties of Silica’, The 

Chemical Catalog Company, New York, 1927, p. 388. 
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(Crossed nicol.) (Opened nicol.) 


Fig. Photomicrographs radiolarian chert. Sample Kuroda, Japan.) 
Elliptical spots various sizes the pseudomorphs Radiolaria substitution. 


(Crossed nicol.) (Opened nicol.) 


Fig. 11. Photomicrographs chert. (x50, Sample Tamba, Japan.) 


(Crossed nicol.) (Opened nicol.) 
Fig. Photomicrographs recrystallized chert with vein quartz. x40, Tamba, Japan.) 
Upper part the photographs show chert (Sample C), and lower part 
the photographs show vein quartz (Sample E). 


te 
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(Crossed nicol.) 


nicol.) 


Youra, Japan.) 


Upper part the photographs chalcedonic chert, and lower part quartz. 


(Crossed 


(Opened nicol.) 


Fig. Photomicrographs pegmatite quartz. (x40, Sample Fukushima, Japan.) 


The photograph crossed nicol reveals mosaic structures. 


Summary 


was found that the soluggish inver- 
sion silica stones different geological 
origins, from quartz cristobalite, was the 
primary reaction when fired air, steam 
reducing atmosphere carbon monoxide. 

(2) Effect firing atmosphere the 
conversion rate silica stone was investi- 
gated. 

(3) Influence grain size the rate 
conversion was investigated, and was 
that Jander’s, relation was not 


applicable the conversion silica stone. 


(4) Irreversible thermal dilatation ani- 
sotropic aggregates was examined, and the 
necessary correction determine the conver- 
sion rate determination the 


was devised. 


The author would like express his hearty 
thanks Prof. Takeo Osaka Univer- 
sity for his kind guidance and encourage- 


ment throughout this work. 


The Institute Scientific and 
Researches, Osaka University, Osaka 
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SHORT COMMUNICATIONS 


SHORT COMMUNICATIONS 


Reaction Si-Si Bond 
disilane with Sodium 


Ukiko 
(Received March 10, 1955) 


Recently, Okawara and 
reported the preparation alkoxydisilanes 
pure state, and they pointed out the un- 
certainty volumetric determination 
hydrogen evolved the cleavage the 
Si-Si bond with basic reagents. wish 
report the possibility determining the 
Si-Si bond volumetric method when the 
bond cloven sodium methylate. 

the only reliable al- 
koxydisilane taken standard sam- 
ple, for obtained crystalline state 
and can purified recrystallization from 
the contaminating liquid materials, especially, 
hexaisopropoxydisiloxane which has the boil- 
ing point close that disilane. this 
experiment, the recrystallized isopropoxydisi- 
lane having the melting point 86.0°C (re- 
ported!’, was used. Calcd. for 
Si, 13.68%. Found: Si, 13.73%. Sodium 
solution was prepared edding 
sodium metal the completely dehydrated 
methanol. Methanol was dehydrated with 
magnesium and distilled through Stedman 
column about theoretical plates, any 
contamination moisture being carefully 
prevented. 

poxydisilane the reaction proceeded rapidly 
Zerewitinoff apparatus but with 
0.6 the reaction was slow and 
completed forty hours the 
perature. 

Anal. 

and 

solution: 

Found vol. 19.40cc. (cor- 

rected), 21.97 cc. (uncorrected). 
Since the hydrogen evolved was replaced 
methanol, the vapor pressure methanol 
was taken account the volume correc- 
ticn. 

this experiment, care should taken 
use completely dehydrated methanol 
preparing sodium methylate solution. For 
incompletely dehydrated methanol 
the solution becomes turbid the early 


0.3554 
6cc. 2.8N- 


stage the reaction with disilane and the 
volume hydrogen can not attain the cal- 
culated value. considered that, 
for the same reason, the volumetric deter- 
mination alkoxydisilanes will give incon- 
sistent with the basic reagents 
containing water which will cause flocculent 
precipitate gelation disilanes. 


1) R. Okawara, T. Tanaka and K. Maruo, This But 
letin 28, 189 (1955). 
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Preparation Carrier-Free 


and Tada-aki 


(Received May 27, 1955) 


Yttrium-90 has been used 
nuclide for various tracer 
cause its half life about sixty-four hours 
length convenient for experimental 
purposes, because pure beta emitter 
which decays stable zirconium-90, and 
because obtained repeatedly “milking” 
desired intervals from its long-lived 
parent, strontium-90 (19.9 years half-life). 

Although carrier-free yttrium-90 has been 
separated from strontium-90 radiocolloidal 
formation the yttrium basic 
solvent extraction'’, mass 
spectrometric vacuum evapora- 
co-precipitation with iron (III) hy- 
and precipitation strontium- 
with strontium nitrate carrier 80% 
nitric the authors have found that car- 
rier-free yttrium-90 can separated rapidly 
and simply paper chromatographic method, 
using solvent consisting parts ethyl 
alcohol, parts butyl alcohol, and parts 
10% ammonium thiocyanate 

Several drops the 
solution containing strontium-90 and yttrium- 
were placed the pencilled line situated 
3cm. from one edge the strip the 
filter paper (Toyo No. 2x40cm.). The 
spots were allowed dry the air and 
then developed chromatographically with the 
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above-mentioned solvent. After the develop- 
ment, the paper strip was dried and cut off 
paper strip was placed the center 
sample pan and its radioactivity was measured 
Geiger-Mueller counter. 


Sr 
600 
4004 
Nos. Pieces Paper Strip 
300 
| 
0 120 160 200 


Hours 
Fig. Decay Separated. 


One example the results obtained 
carrier had value about the 
carrier-free yttrium-90 was located the 
original position, that was the middle 
the pieces No. and No. The solvent 
front was the upper edge the piece, No. 
21. The radioactivity the piece No. 
the half life the was calculated 
sixty-three hours. 

Full details will reported later. 


1) G. K. Schweitzer, B. R. Stein, and W. M. Jackson, 
J. Am. Chem. Soc., 75, 793 (1953). 

2) E.R. Tompkins, |. K. Khym, and W.E. Cohn, Ihbid., 
69, 2769 (1947). 

3) T. R. Sato, W. P. Norris, and H. H. Strain, Ana/. 
Chem., 26, 267 (1954). 

4) A. Chetham-Strode, Jr. and E. M. Kinderman, Phys. 
Rev., 93, 1029 (1954). 

5) R. J. Hayden, Ibid., 74, 650 (1948). 

6) C. W. Sherwin, Rev. Sci. Instruments, 22, 3239 
Chem. Abstr.. 45, 8369 (1951), 

7) YQ. Ishimori, This Bulletin, 28, 203 (1955). 
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8) M. L. Salutsky and H. W. Kirby, Anal. Chem., 27, 
567 (1955). 

9) T. Kiba, S. Ohashi, M. Shibata and T. Minabe, 
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Influence Substituent Groups Nuclear 


Reactivity Formation Substituted Bi- 

phenyls through Reactions Aromatic Diaz 

and Cognate Compounds with Aromatic 
Liquids. The Methyl Group 


Osamu and Takashi INUKAI 
(Received May 1955) 


paper, which has very recently become 
available, Hey, Pengilly and re- 
ported partial rate factors for the phenylation 
toluene phenyl radicals generated from 
benzoyl peroxide 80. This prompts 
publish the results our study which 
have been carrying out similar subject. 
Our experimental methods 
from those the British workers that 
our source the radical was 
nitrosoacetanilide and that the competition 
between toluene and benzene for the radica! 
generated was investigated. 

N-Nitrosoacetanilide (6.7 g., 40.8 millimoles 
zene and toluene (both 2.55 moles 
21°; the decomposition the 
nitrogen. After few days, when the reac- 
tion had been completed, the reaction mixture 
was washed successively with aqueous sodium 
hydrogen carbonate, 10% sodium 
dilute hydrochloric acid and water. The sol- 
vent was then removed from the solution 
dried with calcium chloride distillation 
through Vigreux column 30cm. length. 
The residue was subjected steam distilla- 
tion, and the distillate, combined with the 
residue from the redistillation the solvent 
recovered mentioned above, was 
distilled under reduced pressure, giving 
small amount toluene and then fraetion 
(I, 1.891 g.) boiling 122-135 
which consisted biphenyl and 
biphenyls. The residue was almost 
pure m.p. 46-48. The 


fore- and after-runs fraction which 
combined together, amounted 0.326 (frac- 
The compositions fractions and 
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determined infra-red spectrophotom- 
etry were found follows: 


Fraction 


Thus, the total quantities o-, and 
and bipheny] itself amount- 
1.053, 0.255, 0.156 and 0.782 g., respec- 
tively; and consequently the ratio the 
isomeric methylbiphenyls was p=72: 
From these data, the relative reac- 
tivities the ortho, meta and para positions 
toluene are calculated 3.7, 0.9 and 
1.1, respectively, the reactivity one nuclear 
position benzene itself being taken unity. 
These values are compared with those 
found Hey and his collaborators, i.e., 4.1, 
and 1.4. The general agreement between 
the two sets values interest view 
the difference experimental methods. 


1) Part III, O. Simamura and T. Migita, This Bulletin, 
27, 228 (1954). 

2) Db. H. Hey, B. W. Pengilly and G. H. Williams, J. 
Chem. Soc., 1955, 6. 

3) Note added in proof—After the submission of 
this communication two papers by R.L. Dannley and 
B. Zaremsky J. Am. Cnem. Soc., 77, 1588 (1955), and 
by C.S. Rond-stvedt and H.S. Blanchard, ibid., 1769, 
came to our attention. The former reported the isomer 
composition of methylbiphenyls obtained by phenylation 
of toluene by the decomposition of henzoyl peroxide to 
be o:m: p- 65:19:16; and the latter gave very similar 
values, o:m:p -62:20:18, for phenylation by nitro- 


soacetanilide. 
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Note the Preparation Alkali 
from Barium Carbonate 


and Osamu SIMAMURA 


(Received May 24, 1955) 


Numerous have hitherto been 
described the preparation alkali cyanide- 
from radioactive carbon dioxide carbo- 
nate, because that cyanide one the most 
important materials for the 
organic compounds labelled with carbon-14. 
available methods are, however, satis- 
factory every respect, for desirable 
that the apparatus and operation should 
simple and the yield high micro 
small-scale preparation suitable for work 
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with radioactive has re- 
cently reported convenient synthesis 
sodium cyanide directly from barium carbo- 
nate. his synthesis, barium carbonate, 
zinc dust and sodium were heated 
stream ammonia which had been 
passed over hot and was claimed 
that the yield sodium cyanide was quan- 
titative. This method appeared very at- 
tractive, involving only simple apparatus 
and eliminating the need for intermediate 
preparation carbon dioxide alkali car- 
bonate. our hands, however, gave vields 
ranging only from 65%, spite 
repeated trials closely following Jeanes’s pro- 
cedure. have now found that the use 
potassium instead sodium gives in- 
cyanide. 

Our procedure, which essentially similar 
mate mixture 200 mg. barium carbonate 
and 1g. zinc dust placed porcelain 
boat together with potassium cut 
small pieces. The boat inserted 
quartz tube (700 mm. length and mm. 
inside diameter) until touches loosely 
wound prolate ball iron wire (10 g., 0.3 mm. 


diameter), which has been placed before- 


hand the middle the tube. 
ammonia introduced into the tube the 
end nearest the iron wire, and the tube 
heated 650° for four hours. then 
allowed cool while ammonia being 
passed through it. Subsequently, the product 
worked according the usual pro- 
cedure: hydrogen cyanide distilled 
heating the reaction mixture with dilute 
sulfuric acid and absorbed alkali 
hydroxide. Yields were estimated titra- 
tion with standard silver nitrate solution 

Typical results are given the accom- 
panying table, which also includes the results 
experiments without zinc dust. Zinc does 
not seem essential for the preparation, 
but its presence the highest yield 
cyanide secured. 


EXPERIMENTAL CONDITIONS AND YIELDS 
ALKALI CYANIDE 
Alkali metal Yield based 


200 1.0 0.29 63.3 
201 1.0 0.40 100.0 
200 0.38 82.2 


abe, 
tye 
+ 
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are indebted the Ministry Edu- 
cation for Grant-in-Aid 
Research. 


1) See, e.g, F. Le. J. Sixma, H. Hendriks, K. Helle, 
U. Hollstein and R. Van Ling, Rec. trav. chim., 73, 161 
(1954), in which are summarized the available methods. 

2) J. K. Jeanes, Science, 118, 719 (1953). 
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New Preparation Catalytic Nickel 


Yoshiyuki Shigeo 
and Hideo UEHARA 


(Received June 17, 1955) 


The nickel catalyst which now named 
Urushibara nickel U-Ni-B abbrevia- 
tion prepared adding aqueous nickel 
chloride excess zinc dust and digest- 
ing the precipitated nickel with aqueous 
caustic The activity the catalyst 
depends largely the method precipita- 
tion. high concentrated 
solution nickel chloride, and quick addi- 
tion the solution the zinc dust with 
vigorous stirring, namely conditions favoring 
the precipitation finely 
produce high activity. The precipitated 
shows high catalytic activity only 
after being treated with caustic alkali. The 
nature the activating effect caustic 
alkali, however, has not yet been elucidated. 

this paper another new hydrogenating 
nickel catalyst, named Urushibara nickel 
U-Ni-A abbreviation, announced. 

The solids from aqueous nickel chloride 
and zinc dust, prepared the same way 
the preparation are collected 
glass filter, washed with hot distilled 
water, and treated with acetic acid pro- 
pionic acid instead caustic alkali. For inst- 
ance, the solids from 4.04 nickel chloride 
and 10g. zinc dust, after being washed 
with hot distilled water, are quickly trans- 
ferred into 160cc. 13% acetic acid with- 
out heating. When the generation hydro- 
gen gas subsides, the solids are again col- 
lected glass filter, washed with distilled 
water 50-60° and then with the solvent 
hydrogenation, and transferred into the 
hydrogenating vessel. Contact with air 
avoided far possible. this way very 
active U-Ni-A obtained. 


While the U-Ni-B contains large propor- 
tion metallic zinc, the U-Ni-A contains 
only little, any, and has much smaller 
bulk. The new U-Ni-A acts very well, for 
instance, the catalytic reduction nitro- 
benzene aniline and ethyl cinnamate 
ethyl hydrocinnamate. The U-Ni-B very 
active the reduction ketones and also 
washed thoroughly, while the U-Ni-A exhibits 
excellent activity the reduction ketones 
small amount caustic alkali added. 

The same precipitated nickel acquires 
high activity treatment with either caustic 
alkali acetic acid. Thus, very 
bable that the activating effect these 
reagents consists uncovering the inherently 
active nickel surfaces, but not creating 
any active substances state the sur- 
faces. The precipitated nickel, pre- 
cipitated, contains zinc and basic 
zinc chlorides besides excessive metallic zinc. 
concluded from the facts stated below 
that the basic chlorides must removed 
order recover the active surfaces. 

Caustic alkali quickly removes the basic 
chlorides from the precipitated nickel, and 
digestion with amount aqueous caustic 
alkali insufficient dissolve completely the 
colloidal hydroxide and metallic gives 
quite active catalyst. the other hand, 
the far less active solids prepared with 
insufficient amount acetic acid release 
again chloride ions further treatment with 
acetic acid and become highly For 
obtaining highly active nickel with acetic 
acid, such amount sufficient dis- 
solve nearly completely the metallic zinc and 
partly even the nickel necessary. Stronger 
acids, for instance, formic acid and hydro- 
chloric acid, are not suitable for producing 
catalytic activity. 

1) Y. Urushibara, This Bulletin, 25, 280 (1952). 

2) Y. Urushibara, and S. Nishimura, ibid... 27, 480 

(1954). For the exact procedure see loc. cit. 

3) Added in proof: Basic zinc acetate also diminishes 

the activity, because the U-Ni-B loses partly its activity 

on treatment with insufficient acetic acid but regains 


the original activity when treated with sufficient acetic 


acid. 
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The Identity Hitodesterol with 
Taro and Toru WAINAI 
(Received June 1955) 
Hitodesterol was first separated from star- 
fish one the authors, Matsumoto, 


and Recently, the authors re- 
examined this sterol with the results that 


they found that this sterol accords with 
its 
The study affords further 


evidence for the identity this sterol with 
a-spinasterol. volatile aldehyde 
parated from the products ozonolysis 
hitodesteryl acetate its 
hydrazone which 2,4-dini- 
trophenyl hydrazone 
taldehyde its melting point and mixed 
melting point. 

Hence, hitodesterol identified with 
spinasterol. This the first instance the 
kingdom. 


Experimental 

acetate was prepared repeated 
recrystallizations steryl acetate mixture 
star-fish 
ethanol. 

The purified product had m.p. 
chloroform) and saponification value 124.2 
(caled. for showed depres- 
sion melting point when mixed with 
teryl acetate. 

glacial acetic acid, and ozonized oxygen (ozone 


from 


3%) was passed through the solution for 1.5 hours. 
Zinc dust and few drops silver nitrate solu- 
tion were then added the solution. The mixture 
was diluted with water, and then distilled. The 
volatile substances were caught trap contain- 
ing 0.2% solution 2,4-dinitrophenylhydrazine 
acid. solution the trap 
was allowed stand for some time, and then the 
precipitate formed was collected, yield 10mg. 
recrystallization from ethanol, showed con- 
stant m.p. 116°C and showed 
depression melting point when mixed with 
isopropylacetaldehyde, m.p. and 

prepared from acetate, while 


the mixed melting point with specimen 
dinitrophenylhydrazone methylisopropylacetal- 
10°, prepared 


dehyde, m.p. 121-122°C and 
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from acetate was Found: 
53.18; 6.10; 18.11; Mol. wt. (Rast method), 
301. Caled. for 53.05; 6.16; 
19.04; Mol. wt., 294.3. 

The authors are indebted Prof. 
revision. 


1) Taro Matsumoto and Yoshiyuki Toyama, J. Chem. 
Soc. Japan, 64, 326 (1943). 

2) Taro Matsumoto and Toru Wainai, J. Chem. Suc. 
Japan, Pure Chem. Sec., 75, 1147 (1954). 

Melting point is uncorrected. 
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Spectra Molecular Compounds 


Diethyl Ether with Several Metallic 
Sohachiro HAYAKAWA 
(Received March 22, 1955) 


Some metallic chlorides such aluminum 


chloride stannic tetrachloride produce 
stable molecular compounds with 
Dipole moments some them 


were measured non-polar solvents 
several however, spectro- 
scopic data are obtainable all. The author 
measured the absorption spectra the mole- 
cular compounds solutions ether and 
n-heptane. 

Apparatus.—Shimadzu Photoelectric Spectro- 
photometer Type QB-50 (the measured range 
length, 1.00cm.; temperature, 10-15°C). 

Materials.— Anhydrous aluminum chloride, 
commercial highest class, was sublimed cur- 
rent dry nitrogen gas, and the product was 


resublimed into sample tubes. Anhydrous: 


ferric chloride was purified similarly atmos- 
phere chlorine instead nitrogen. Anhydrous 
zinc chloride, highest purity, was heated 
dry air and dehydrated phosphoric pentoxide. 
Anhydrous stannic and 
were fractionally distilled twice. Diethyl ether 
the commercial product was distilled fraction- 
ally several times atmosphere dry air 
Wydmer’s distillator. was purified 
the Potts’ 


Results and Discussion 


Absorption spectra the solutions 
aluminum chloride, zinc chloride and titanium 


Me 
. 
i 
URE 
: 
as 


Fig. 


tetrachloride diethyl ether are shown 
Absorption spectra the solutions 
aluminum chloride-ether, stannic chloride- 


(kayser) 

Fig. Absorption curves solutions 
TiCl, (curve a), (curve and 
(curve diethyl ethep expres- 
sed extinction coefficient. are 
chlorides) 


Cc 


3 2 27 
(kayser) 

Fig. Absorption curves solutions 
0.02M ether (curve and 0.2M 
ether (curve b). 


25 3n 35 
(kayser) 
Fig. Absorption curves solutions 
heptane 0.01 and 0.01 ether 
(curve and SnCl, and 0.1 


ether (curve b). 
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No. 


100 


60) 


95 30 35 
(kayser) 
Fig. Absorption curve 
soluton FeCl; heptane containing 
0.1M ether. 


ether and ferric chloride-ether heptane 
are shown Fig. 2,3 and respectively. The 
extinction coefficient could not determined 
from the spectra solutions heptane be- 
cause slight solubilities the chlorides 
heptane. 

The author regards the absorption bands 
marked arrows the figures the 
characteristic absorption the molecular 
compounds. However, for the solutions 
titanium tetrachloride and ferric chloride, 
none could concluded for lack exact 
informations about the spectra titanium 
and ferric chlorides themselves, although 
their solutions showed remarkable absorp- 
tions. The ultra-violet absorptions obtained 
for the molecular compounds aluminum, 
stannic and zinc chlorides are considered 
transfer spectra defined R.S. 

The author expresses his hearty thanks 
Prof. Makishima for his kind guidance 
throughout this work. 
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2) Kayser (formerly cm~'). See Transactions of the 
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